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GENERAL 


EXPANDED  COMPUTER  PRODUCTION  DISCUSSED 

Paris  ZERO  UN  INFORMATIQUE  HEBDO  in  French  6  Sep  82  p  44 
[Article  by  Bohdan  0.  Szuprowicz] 


[Text]  By  the  end  of  the  11th  Five-Year  Plan  (1981-1985) ,  the 
countries  of  the  east  are  planning  to  double  their  computer  pro¬ 
duction,  raising  it  to  a  cumulative  total  of  some  $20  billion. 

The  outcome  of  a  new  international  computer  agreement,  this 
plan  was  signed  at  the  34th  session  of  the  CEMA  [Council  for 
Economic  Mutual  Assistance] . 

The  program  includes  about  20  research  institutes  and  development 
centers,  and  more  than  70  manufacturing  plants  producing  300  dif¬ 
ferent  items  in  all  the  CEMA  countries,  plus  Cuba. 

Over  46,000  technicians,  engineers,  researchers,  and  about 
300,000  workers  are  engaged  in  this  project.  This  means  that 
in  the  next  few  years,  the  Soviet  bloc  will  produce  about  6 
times  less  than  IBM,  for  a  value  of  $11,5.00  a  year  per  worker. 

Because  of  the  present  international  situation,  the  Soviet  bloc's 
computer  industry,  now  more  than  ever  before,  sees  that  its  future 
performance  will  be  based  directly  on  its  own  present  research 
and  development  work.  Given  a  scenario  of  growing  east-west 
tensions,  including  a  restriction  on  credit  and  a  ban  on  tech¬ 
nology  transfer  from  the  west  to  the  countries  of  the  east, 
this  aspect  could  well  become  quite  important. 

Although  the  other  CEMA  countries  are  involved  industrially 
in  this  program,  the  Soviet  program  takes  on  crucial  importance 
because  of  the  military  applications  involved.  The  computer 
plan  includes  the  manufacturing  of  medium,  large,  and  very 
large  systems,  along  with  minicomputers,  terminals  with  display 
screens,  and  a  large  number  of  peripheral  items. 
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This  program  is  being  managed  by  the  GKNT  [State  Committee  for 
Science  and  Technology]  which  handles  not  only  its  coordination 
inside  the  Soviet  Union,  but  also  maintains  relations  with 
foreign  countries  in  order  to  follow  new  technological  develop¬ 
ments  and  introduce  them  into  the  Soviet  Union.  This  - 

is  the  agency  with  which  Western  companies  such  as  Control  Data, 
CII-HB,  Hewlett-Packard,  and  a  good  many  others  sign  cooperation 
agreements  in  the  hope  that  it  will  help  to  open  up  the  Soviet 
market. 

The  GKNT  has  a  division,  the  CTSCA  [Main  Administration  for 
Computer  Technology  and  Control  Systems],  which  is  responsible 
for  computer  technologies.  It  has  a  special  department  which 
indicates  the  direction  research  should  take. 

The  CTSCA  is  headed  by  Vladimir  Aleksandrovich  Myasnikov,  who 
is  well  known  from  his  reports  on  the  Soviet  Union's  computer 
policy. 

The  GKNT  operates  a  scientific  and  technical  library  in  which 
foreign  publications  are  catalogued,  summarized,  and  then  dis¬ 
seminated,  with  the  assistance  of  a  center  headed  by  Boris 
Zverkov. 

The  current  computer  research  and  development  program  is 
being  conducted  by  institutes  attached  to  the  Academy  of  Sci¬ 
ences,  to  the  academies  of  the  various  republics,  the  ministry 
of  the  radio  industry,  and  the  MINPRIBOR  [Ministry  of  Instrument 
Making,  A  utomation  Equipment,  and  control  “Systems]  .  Most  of 
these  institutes  are  located  in  Moscow,  Kiev,  Minsk,  and  Tbilisi. 
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UDC  025,4:  65.011.56.012.2 

ORGANIZATION  OF  AND  TECHNOLOGY  FOR  OPERATION  USING  CENTRALIZED  PLANNING  AND 
INTRODUCTION  OF  SOFTWARE  IN  GOSPLAN  AUTOMATED  CONTROL  SYSTEM  FOR  PLANNING 
CALCULATIONS 

Moscow  KLASSIFIKATORY  I  DOKUMENTY  in  Russian  No  4,  Apr  82  pp  1-5 

[Article  by  candidates  of  technical  sciences  L.V.  Pavel’yeva  and  N.N.  Fedotov, 

Main  Computer  Center,  USSR  Gosplan;  GNITsVOK] 

[Excerpts]  The  planning  and  use  of  general-system. software  when  doing  planning 
calculations  are  associated  with  the  problem  of  developing  a  centralized  data  file 
for  an  automated  data  bank  for  the  automated  control  system  for  planning  calculations 
[ASPR].  Development  of  the  data  file  for  the  automated  data  bank  used  in  the  ASPR 
is  fraught  with  a  number  of  difficulties,  the  main  ones  of  which  are  the  following: 

inadequate  operating  speed  and  restricted  sizes  of  main  and  external  storage  for 
the  base  computer  of  the  ASPR  (the  Yes-1033) ; 

the  need  to  develop  for  the  ASPR  an  additional  structure  for  the  YeS  online  system 
and  an  M0KA"  standard  control  system  for  the  base  data  [SUBD]; 

the  need  to  develop  general-system  data  facilities  for  forming  customized  nomenclature 
for  users; 

the  need  for  an  organizational  transformation  resulting  from  the  growing  trend 
toward  distributed  data  processing  required  for  doing  planning  calculations. 

The  main  stages  in  the  preparation  and  processing  of  data  in  a  unified  technological 
process  are  as  follows: 

1)  description  and  preparation  of  input  data; 

2)  loading,  correcting  and  fetching  data  from  the  primary  data  bases; 

3)  compiling  a  word  glossary  and  building  the  field  for  input  data; 

4)  forming  the  numeric  part  of  the  data  file  and  loading  general-system  numeric 
and  local  data  bases; 

5)  logic  control  and  the  execution  of  planning  calculations  using  data  from  the 
data  file  for  the  automated  data  bank. 
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In  the  main  computer  of  the  USSR  Gosplan  three  types  of  bases  have  already  been 
developed  in  minimum  configuration  and  are  being  operated  using  the  program 
facilities  of  the  "OKA"  SUBD,  the  OKA  Data  Transmission  System”  [SPD-OKA]  and 
a  system  for  machine  control  of  the  ASPR  glossary.  There  are  two  bases  for  the 
form  of  planning  documents:  with  numeric  values  for  economic  indicators  and  their 
coded  symbols  (the  numeric  bases),  and  also  a  text  base  for  a  general-system  ASPR 
glossary  with  textual  designations  for  economic  indicators  and  their  labeled  parts 
and  the  corresponding  coded  designations. 

In  addition  to  the  above,  in  the  second  stage  it  is  necessary  to  form  a  base  for 
descriptions  of  the  economic  indicators,  planning  documents,  tasks,  subsystems, 
nomenclature  and  other  objects  subject  to  data  analysis  in  the  preplanning  stage 
when  designing  base  textual  and  numeric  data  files  for  the  automated  data  bank. 

This  is  the  so-called  ASPR  metadata  base.  The  metadata  also  include  tables 
reflecting  the  link  between  the  data  units  and  objects  described.  The  organizational- 
technical  measures  of  the  second  stage  are  as  follows: 

loading  and  three  types  of  mass  correction  to  the  data  base  whose  operations  are 
typical  in  forming  the  internal  level  of  the  automated  data  bank  and  which  are 
executed  by  the  facilities  of  the  SPD-OKA: 

three  types  of  individual  corrections  to  the  data  bases  that  in  the  future  should 
be  done  using  the  facilities  of  the  TIS-YeS  but  which  at  present  are  done  using 
the  facilities  of  the  TIS  system  on  an  ICL  4-70  and  the  main  facilities  of  the 
SPD-OKA; 

passing  working  arrays  from  numeric  and  local  textual  data  using  the  facilities 
of  the  SPD-OKA  system; 

fetching  and  passing  from  the  general-system  glossary  data  base  and  the  metadata 
base  using  the  facilities  of  the  glossary  system. 

COPYRIGHT:  Vsesoyuznyy  nauchno-issledovatelTskiy  institut  tekhnicheskoy  informatsii, 
klassif ikatsii  i  kodirovaniya,  1982 
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WORK  OF  ESSR  ACADEMY  OF  SCIENCES  INSTITUTE  OF  CYBERNETICS 


Moscow  PRAVDA  in  Russian  2  Aug  82  p  3 
[Article  by  A-  Favorskaya] 

[Excerpts]  Tallinn — Kharri  Tani,  deputy  director  of  the  Special  Design  Bureau 
at  the  Estonian  SSR  Academy  of  Sciences  Institute  of  Cybernetics,  took  me 
round  the  laboratories,  where  the  computers  are  by  no  means  run  of  the  mill. 

Where  we  are  now  is  a  world  of  microprocessor  control  systems  and  minicomputers 
and  microprocessors.  And  typically,  they  are  not  made  to  show  at  any  exhibition 
but  directly  for  a  specific  client.  Sometimes  they  are  developed  jointly 
with  the  client.  Things  go  more  rapidly  this  way:  even  during  the  development 
stage  the  system  can  be  "tailored"  most  closely  with  the  conditions  in  which 
it  will  be  used.  There  are  plenty  of  orders  for  miniaturized  computer 
equipment.  For  example,  for  agriculture,  an  automated  control  system  for 
drying  grain  has  been  developed  jointly  with  the  Estonian  Research  Institute 
of  Agriculture  and  Land  Reclamation  where  they  know  the  drying  technologies 
"from  the  inside."  And  why  is  development  so  rapid?  Because  the  anticpated 
annual  saving  throughout  the  republic  is  close  to  R1  million.  And  at  the 
Estonian  SSR  Academy  of  Sciences  Institute  of  Physics,  laser  experiments  will 
also  be  automatically  controlled  with  a  microprocessor  developed  in  the  special 
design  bureau. 

The  special  design  bureau  itself — a  four-storey  building  with  laboratories 
and  workshops — did  not  exist  6  years  ago. 

The  go-ahead  has  now  been  given  for  technology  to  mass  produce  microprocessors 
and  also  to  develop  new  automation  instruments  based  on  microprocessors.  But 
this  will  require  flexible  means  of  automation  for  designing  and  fabrication 
PCBTs  ,  hybrid  circuits  and  entire  microprocessors.  Facilities  are  required 
for  debugging  and  setting-  up  these  machines.  At  present  they  are  in  short 
supply.  This  new  technologic  base  has  enabled  the  Tallin  Special  Design 
Bureau  to  reduce  the  time  spent  on  development  and  produce  qualitatively  new 
items  and  even  sometimes  produce  small  batches  of  them. 

Young  and  talented  colleagues  have  now  joined  the  30  or  so  of  the  republic’s 
best  electronics  experts  who  formed  the  nucleus  of  this  bureau.  The  special 
design  bureau  now  has  a  staff  of  about  300,  almost  half  of  which  are  candidates 
of  sciences. 
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Going  down  the  list,  we  start  with  the  director  KalTyu  Leppik,  an  energetic 
and  skillful  organizer  who  has  an  economic  approach,  which  is  important  in 
development.  Indeed,  everyone  here  has  his  own  characteristic  creative 
aspect.  Yuriy  Umraer  and  Enn  Tal'vis  (who  worked  on  the  above-mentioned  grain 
drier)  are  outstanding  analysts.  Reyn  Mikhkelfson,  who  developed  a  measuring 
device  for  concrete,  is  just  as  intelligent  and  is  also  know  for  his  "skillful" 
hands.  Kaarel  Myartin  is  recognized  among  his  colleagues  as  an  brilliant 
programmer.  Raulf  Rebane  has  shown  himself  to  be  extremely  creative  when 
participating  in  the  development  of  the  SM-1800  series-produced  computer. 

And  without  Osval’d  Sulu  the  chief  engineer,  it  seems  that  the  special  design 
bureau  would  cease  to  be. 

Today,  this  collective  is  involved  in  six  all-union,  goal-oriented  programs, 
from  automated  control  of  technological  processes  and  scientific  experimentation 
with  the  use  of  microprocessors  to  microprocessor  applications  in  new  robot 
technology.  Some  work  is  being  done  for  CEMA. 
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ELIMINATING  EFFECTS  OF  ELECTROMAGNETIC  RADIATION 


Riga  SOVETSKAYA  LATVIYA  in  Russian  18  Aug  82  p  1 

[Unattributed  article:  "To  Eliminate  'Glitches’  in  the  Computer"] 

[Text]  The  warning  signal  "Unreliable  Operation"  is  appearing  less  often 
on  the  displays  screens  of  Soviet-produced  computers.  Operating  stability 
in  computer  equipment  is  being  helped  by  a  set  of  equipment  developed  by 
specialists  at  the  Vilnius  "Sigma"  Association. 

Not  only  the  medium  in  which  it  is  operating  but  also  the  electromagnetic 
pulses  and  oscillation  created  by  the  computer  itself  exert  a  definite  effect 
on  electronic  equipment.  Passing  into  the  "memory"  of  the  machines,  they 
distort  responses  to  problems  being  solved.  The  new  set  of  instruments  "damps" 
this  noise,  and  the  degree  of  protection  afforded  for  electronic  equipment 
by  the  "Sigma"  apparatus  has  been  improved  by  a  factor  of  better  than  10. 
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IMPROVING  MANAGEMENT  OF  PLANT  COMPUTING  CENTERS 

Kiev  EKONOMIKA  SOVETSKOY  UKRAINY  in  Russian  No  7,  Jul  82  pp  77-80 

[Article  by  N.  Leybovicb,  docent,  candidate  of  economic  sciences,  Dnepropetrovsk: 

''On  Improvement  of  Management  of  Plant  Computing  Centers11] 

[Text]  Computing  and  data  processing  centers  (IVTs's)  are  essentially  service 
departments  for  processing  data  with  individual  rights  and  obligations.  For 
purposes  of  improving  the  efficiency  of  functioning  of  plant  IVTs's  it  would  be 
advisable  within  the  next  2  or  3  years  to  convert  them  to  in-house  cost 
accounting  and  to  create  the  possibility  of  serving  other  enterprises  and  organ¬ 
izations  on  a  cost  accounting  basis.  The  changeover  of  IVTs's  of  industrial 
enterprises  and  associations  to  cost  accounting  is  a  necessary  measure  under  con¬ 
ditions  of  the  formation  of  multiple-user  computing  centers  and  collective— use  com¬ 
puting  centers  and  the  creation  of  a  network  of  computing  centers. 

The  introduction  of  cost  accounting  at  an  IVTs  presupposes  a  high  level  of  organ¬ 
ization  of  planning  and  accounting  and  analysis  of  all  aspects  of  operations  and 
of  all  technical  and  economic  indicators  of  the  operation  of  the  IVTs  and  its 
structural  subdivisions,  and  the  regulation  of  cost  accounting  interrelations  with 
other  sections  and  departments  of  the  plant  administration.  For  the  purpose  of 
converting  plant  IVTs's  to  cost  accounting  for  the  purpose  of  improving  the  effi¬ 
ciency  of  their  operation,  it  would  be  helpful  to  improve  accounting,  planning  and 
analysis  of  the  operations  of  the  center,  to  organize  the  development  of  time  and 
material  input  norms  for  planning  and  solving  ASUP  [automated  enterprise  management 
system]  problems,  to  perform  economic  studies  of  IVTs  expenses,  to  create  a  method¬ 
ology  for  economic  calculations  of  the  operating  indicators  of  an  IVTs,  and  to  form 
an  economic  data  basis  for  organizing  an  IVTs  ASU  [automated  control  system],  having 
improved  the  level  of  economics  work  within  the  IVTs.  It  would  be  necessary  to 
isolate  the  IVTs  from  the  plant  administration  structure  and  to  regard  it  as  a 
self-supporting  department  for  planning  and  automated  data  processing,  having 
accordingly  restructured  the  planning  and  recording  of  its  technical  and  economic 
indicators. 


Since  an  IVTs  is  intended  primarily  to  solve  economic  problems  and  to  improve  con¬ 
trol  of  production  and  the  planning  and  accounting  procedure,  then,  as  with  other 
economic  departments  and  laboratories  of  the  plant,  it  is  logical  to  place  it  under 
the  plant's  chief  economist*  An  economics  sector  (two  or  three  people  specializing 
in  economics  and  organization  of  computing  centers)  is  required  at  an  IVTs  with 
the  functions  of  setting  norms  for  labor  and  material  resources,  operations 
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planning  and  controlling  computing  processes,  current  and  longterm  planning  of 
technical  and  economic  indicators  for  the  operation  of  the  IVTs  and  bookkeeping  and 
statistical  reporting,  of  analyzing  the  work  time  and  volume  of  IVTs  subdivisions, 
and  of  making  an  economic  analysis  of  the  results  of  the  work  of  IVTs  sectors  and 
of  estimates  of  the  efficiency  of  solving  ASUP  problems.  This  in  turn  will  make  it 
possible  to  accumulate  statistical  data  for  the  purpose  of  developing  standards  and 
to  improve  calculation  of  the  cost  of  solving  individual  problems. 

It  is  a  good  idea  to  keep  records  with  an  indication  of  the  task  code  for  the  work 
time  of  computers  and  workers  (analysts,  programmers  and  operators),  as  well  as  for 
the  amount  of  data  processed  in  appropriate  units  of  measurement.  Then  the  work 
time  and  data  processing  costs  per  production  section  can  be  related  to  the  solution 
of  individual  problems  and  it  will  be  possible  to  determine  and  analyze  data  pro¬ 
cessing  costs  task  by  task.  In  keeping  records  of  the  working  time  of  a  computer 
it  is  proposed  to  differentiate  calendar  time  into  days  of  rest,  holidays,  non- 
working  hours  and  duty  time,  which  is  divided  into  the  time  for  modernization  and 
repairs  with  the  power  switched  on  and  the  time  of  the  working  switched-on  state, 
which  consists  of  useful  production  time  and  non-productive  time*  Non-productive 
time  is  spent  on  preventive  maintenance  and  modernization  of  computers  and  includes 
computer  idle  time  resulting  from  equipment  malfunctions,  errors  and  failures,  lack 
of  power,  errors  of  operators  and  programmers,  lack  of  work,  tardy  presentation  of 
source  data,  tardy  or  poor-quality  preparation  of  data  media,  etc. 

Useful  time  consists  of  effective  time  (solving  problems,  standard  time  for  debugg¬ 
ing  programs ,  training  personnel  on  the  computer)  and  ineffective  time  (above-norm 
debugging  time;  redoing  work  because  of  errors  and  rejects;  repeated  solution  of 
problems  resulting  from  errors,  malfunctions  and  failures;  an  operator -s  or  pro¬ 
grammer  Ts  waiting  and  thinking  over  the  work  run  on  the  computer;  and  nonoverlapping 
time  for  preparatory  and  final  and  auxiliary  manual  operations).  In  addition,  it 
is  necessary  to  keep  records  by  automated  means  of  nonoverlapping  time  for  input/ 
output  and  accessing  external  storages  and  the  time  for  operation  of  the  central 
processor  in  the  single-program  and  multiprogram  modes  (task  by  task)  and  the 
work  time  of  the  operating  system. 

For  the  possibility  of  calculating  the  cost  of  solving  problems  it  would  be  helpful 
to  keep  records  of  labor,  material  and  capital  input  by  item  of  expenditure,  by 
production  section  and  by  ASUP  task. 

The  conversion  of  IVTsfs  to  cost  accounting  should  be  preceded  by  waking  out 
wholesale  prices  (rates)  for  IVTs  services.  For  this  it  would  be  necessary  to 
make  estimates  of  standard  service  time  and  hourly  costs  for  the  operation  of  in¬ 
dividual  computer  equipment.  It  should  be  mentioned  that  the  fixed  capital  of  a 
plant  IVTs  equals  more  than  1  million  rubles  and  the  cost  of  data  processing 
500,000  to  800,000  rubles  per  annum. 

It  has  been  established  as  the  result  of  preliminary  research  that  the  structure  of 
the  cost  of  data  processing  at  a  plant  computing  and  data  processing  center  (without 
general-plant  expenditures)  looks  as  follows  (percentages) : 
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A.  By  Item  of  Expenditure 


Basic  and  supplementary  wages  of  production  personnel  with  deductions  for 
social  security  39.3 

Electric  power  for  production  purposes  2.0 

Routine  repairs  and  maintenance  of  production  equipment  12.2 

Depreciation  of  production  equipment  34.0 

Materials  1.0 

Wages  of  administrative  and  servicing  personnel  with  deductions  for  social 
security  7.2 

Travel  allowance  expenditures  0*5 

Routine  repairs  and  maintenance  of  buildings,  structures  and  inventory  1*7 

Depreciation  of  buildings,  structures  and  inventory  1.0 

Wear  of  low-value  and  rapidly  wearing  items  0.1 

Cost  of  training  and  improving  skills  of  personnel  0.1 

Others  0.9 

B.  By  Production  Section 

Analysis  and  programming  17.0 

Receiving  primary  documents  3.2 

Processing  on  keyboard  computers  6.6 

Transfer  to  and  preparation  of  data  on  punched-card  computers  10.5 

Punching,  sorting  and  tabulating  12.6 

Operation  of  "Minsk-32"  computer  18.5 

Operation  of  "YeS-1022,f  computer  25.2 

Checking  and  output  of  data  6.4 


With  regard  to  items  of  expenditure  all  costs,  besides  materials,  electric  power 
for  production  purposes  and  piece-rate  wages  of  operators,  are  hypothetically 
constant.  With  regard  to  combined  production  sections,  direct  costs  are  related 
directly  to  production  sections  and  indirect  costs  are  distributed  proportionally 
to  direct. 

Analysis  of  these  costs  makes  it  possible  to  determine  ways  of  increasing  the 
operating  efficiency  of  IVTs*s.  Knowing  hourly  costs  and  the  time  required  for 
data  processing  in  individual  production  sections  and  with  individual  units  in 
solving  ASU  problems,  it  is  possible  to  determine  the  cost  of  solving  problems. 

If  the  profitability  of  data  processing  is  established  (let  us  say,  10  percent  of 
the  standard  cost  of  data  processing),  then  it  is  possible  to  determine  wholesale 
prices  for  an  hour  of  use  of  individual  pieces  of  equipment  and  for  solving  various 
problems,  as  well  as  surcharges  and  discounts  on  them  for  changes  in  the  time 
required  for  and  quality  of  data  processing. 

For  estimating  the  amount  of  data  in  solving  ASUP  problems  it  is  necessary  to  know 
the  hourly  mean  throughput  of  the  computer  in  output  data  characters  (by  type  of 
problem  in  accordance  with  the  complexity  group  and  coefficients  for  the  ratio  of 
the  volume  of  output  and  input  data)  and  the  standard  time  for  solving  problems. 

The  sum  of  products  of  the  hourly  mean  throughput  of  the  computer  by  the  standard 
problem  solving  time  determines  the  planned  number  of  characters  to  be  output  from 
the  computer  to  an  output  unit  per  month  or  year. 
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Plan  and  report  calculations  of  the  cost  of  processing  and  solving  problems  make 
it  possible  more  soundly  to  analyze  and  establish  wholesale  prices  (as  well  as 
surcharges  and  discounts  on  them)  for  IVTs  services  elsewhere,  as  well  as  estimated 
intraplant  prices  for  intraplant  accounting.  In  addition,  they  will  make  it 
possible  more  soundly  to  determine  the  economic  efficiency  of  processing  and 
of  solving  individual  problems  and  of  the  entire  automated  production  control 
system  at  each  enterprise,  and  to  improve  the  effectiveness  of  socialist  compe- 
tition  for  better  technical  and  economic  indicators  for  the  work  of  IVTs  subdi¬ 
visions. 

In  order  to  give  grounds  for  the  planning  of  production  output,  labor  productivity 
and  the  cost  of  processing  and  solving  problems,  a  system  of  cost  standards  is 
required — for  labor,  computer,  material,  energy,  etc.  costs,  involved  in  processing 
a  specific  amount  of  raw  data.  Standards  are  needed  for  elements  of  the  work  time 
of  various  computers  and  computing  center  workers,  including  components  of  computer 
time  for  solving  problems  and  debugging  programs  and  for  formulating  problems  and 
writing  programs. 

Solutions  are  required  to  methodological  problems  relating  to  improving  determina¬ 
tion  of  the  volume  and  complexity  of  data  to  be  processed;  computing  center  work 
volume  indicators;  regulating  the  work  of  ASU  developers  (formulators  and  program¬ 
mers);  calculating  the  cost  of  developing  and  solving  individual  ASU  problems : and 
processing  a  million  characters  of  raw,  as  well  as  of  output,  data;  determining 
wholesale  and  estimated  prices  (as  well  as  surcharges  and  discounts  on  them)  for 
computing  center  services;  determining  computer  center  output-capital  ratio  and 
profitability  indicators  with  possible  differentiation  by  production  section  and 
by  individual  task;  the  planned  and  actual  economic  efficiency  of  using  computing 
centers  and  ASU *s;  and  converting  all  computing  centers  to  total  or  in-house  cost 
accounting,  having  provided  them  with  a  reliable  system  of  planning,  keeping  re¬ 
cords  of  and  analyzing  results  and  the  operating  indicators  of  computing  centers. 
Conversion  of  an  IVTs  to  cost  accounting  should  be  preceded  by  development  of  a 
bonus  system  to  provide  an  incentive  for  the  economically  more  efficient  solution 
of  ASU  problems  and  use  of  IVTs  material,  labor,  money  and  information  resources. 

It  is  possible  to  recommend  a  method  of  awarding  bonuses  for  the  development  and 
introduction  of  AS UP  tasks  with  the  observance  of  time  deadlines  and  standards 
(in  man-hours)  as  a  function  of  the  economic  efficiency  of  ASUP  tasks  designed: 
for  formulation  of  the  problem — 10  percent  of  its  actual  annual  saving  upon  con¬ 
dition  of  integrated  data  processing.  The  bonus  is  distributed  among  coworkers 
in  proportion  to  the  standard  wages  of  problem  formulators  (from  departments  and 
divisions  of  the  plant  administration  and  IVTs) ,  taking  into  account  the  time 
spent  on  participating  in  the  work.  And  for  programming  a  problem  at  the  state  of 
the  art,  ensuring  a  minimum  requirement  of  machine  time  for  solving  the  problem — 

5  percent  of  its  actual  annual  saving  with  a  similar  procedure  for  distributing 
the  total  bonus.  And  for  introducing  and  mastering  a  task  in  the  IVTs’s  opera¬ 
tion — 5  percent  of  its  actual  annual  saving  with  similar  distribution  of  the  total 
bonus. 


By  the  saving  is  meant  the  total  reduction  in  costs  per  ruble  of  commodity  pro~ 
duction  and  increase  in  profit  from  growth  in  volume  and  realization  (after  sub¬ 
tracting  the  cost  of  developing  the  problem  and  of  automated  data  processing) 
gained  in  connection  with  the  introduction  of  a  specific  ASUP  task  at  a  specific 
enterprise  per  year.  Bonuses  should  be  paid  to  operators  and  other  IVTs  operating 
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staff  upon  condition  of  reduction  in  the  cost  of  processing  a  unit  of  information, 
taking  into  account  timeliness,  reliability  and  freedom  from  errors  in  fulfilling 
the  computing  work  plan;  and  to  personnel  servicing  electronic  and  electromechani¬ 
cal  equipment  and  to  attendants  and  repair  personnel — for  freedom  from  failure  and 
reliable  performance  and  for  reduction  of  idle  time  of  individual  computers 
associated  with  equipment  malfunctions  and  repairs. 

A  system  of  penalty  sanctions  for  parties  guilty  of  violations  in  favor  of  the 
victims  should  be  conducive  to  improving  the  organization  of  document  turnover 
and  to  improving  the  efficiency  of  control  and  the  effectiveness  of  automated  and 
mechanized  data  processing.  The  penalty  system  must  complement  the  bonus  system 
and  be  accomplished  at  the  expense  of  total  bonuses  to  coworkers. 

A  sound  system  of  technical  and  economic  indicators  and  clear,  simple  and  unified 
accounting  of  the  work  of  differentiated  production  sections  and  of  data  processing 
costs  for  these  sections,  and  planning  and  accounting  of  the  number,  wages  and 
bonuses  of  IVTs  personnel  together  with  an  analysis  of  economic  activity  and  a 
determination  of  the  economic  efficiency  of  solving  individual  problems  will  create 
the  data  and  economic  conditions  for  converting  an  IVTs  to  intraplant  cost  account¬ 
ing  and  the  basis  of  the  data  and  economic  support  for  an  IVTs  ASU.  Added  costs 
for  carrying  out  the  accounting  process  and  for  calculating  plan  figures  will  be 
totally  reimbursed  on  account  of  reduction  of  the  IVTs  operating  costs  and  the 
more  efficient  use  of  computers  in  optimizing  the  solution  of  ASUP  and  IVTs  ASU 
planning  and  accounting  problems  on  the  basis  of  integrated  data  processing.  It 
would  be  helpful  to  automate  accounting  and  planning  and  analysis  of  the  work  of 
plant  IVTs T  s . 

The  creation  of  a  system  for  planning,  keeping  account  of  and  making  an  economic 
analysis  of  all  aspects  of  the  economic  activity  of  an  IVTs  is  the  foundation  for 
organizing  an  IVTs  ASU.  The  creation  of  an  IVTs  ASU  represents  the  logical  con¬ 
clusion  of  the  combination  of  work  on  automating  the  control  of  production  (organ¬ 
ization)  and  technological  processes.  Already  at  the  present  time  it  is  possible 
to  create  the  data,  organization  and  economic  support  for  this  purpose. 

And  so,  for  purposes  of  improving  the  economic  efficiency  of  an  IVTs  and  the  level 
of  control  of  these  subdivisions  it  is  necessary  to  convert  the  IVTs’s  of  industrial 
enterprises  and  associations  to  in-house  cost  accounting,  to  regard  them  as  service 
departments  for  processing  economic  data  and  to  raise  the  level  of  economic  work 
at  IVTs 1 s  * 

It  is  necessary  to  continue  scientific  research  on  improvement  of  control,  planning, 
keeping  accounts  and  analysis  of  economic  indicators  of  the  work  of  computing  and 
data  processing  centers,  for  purposes  of  improving  the  efficiency  of  automated  pro¬ 
cessing  of  economic  data. 

COPYRIGHT:  Izdatel’stvo  "Radyans'ka  Ukrayina,f,  "Ekonomika  Sovetskoy  Ukrainy",  1982. 
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[Article  by  Ye.  F.  Ochin,  Leningrad  Institute  of  Precision  Mechanics  and 
Optics] 


[Text]  Separation  of  an  infinite  set  of  transfer  functions 
for  a  coherent  optical  processor  into  a  finite  number  of 
classes  is  proposed.  A  problem  of  finding  the  best  coding 
algorithm  from  a  set  of  known  algorithms  is  solved  for  each 
class.  The  problem  of  synthesis  of  space-frequency  filters 
is  reduced  to  determination  of  the  class  of  the  transfer 
function  and  to  use  of  the  corresponding  coding  algorithm. 


Let  the  complex  transfer  function  of  a  space-frequency  filter  of  a  coherent 
optical  processor  be  given  in  the  form  ' 


/-/  (s,  fi) 


2  2  ■'imH'X P  [<?(;„, 

m  n 


-'im)lrect 


(1) 


where  and  T[  are  space- frequency  -cdordihates ,  At  and  A?/  are  the  quantification 
steps,  a  and<jP  are  the  amplitude  and  phase  modulation  functions, 

femax/  £max  Mi;  — qmaxMii  qmoxMq ;  in=nAi;  nm=mAn; 

|  a  (fin,  WIsSl.  .  =  ;1  ; 


The  pulse  response  of  the  filter,  which  is  Fourier  transform  (1),  is  written 
in  the  form 

/(*,  y)  =  2  >V.)exp  [if(xn,  _vm)I  rect-^—A reel ,  (2) 

where  x  and  y  are  the  coordinates  of  the  output  plane  of  the  processor, 

Ax=  l/2^max'  Aj/-1 /2rimnx »  °(  and  are  the  amplitude  and  phase  of  filter  response, 

:  fl  A'|-u:i\/Aa';  — // ina \/ A// -Y; /l  !/ni;i \'/Al/ ,  '^inax~  l/2Ai,  j/max—  l/2Al]. 

As  a  result  of  coding,  the  fragments  of  the  binary  or  multilevel  transparency 
are  set  into  agreement  to  each  reference  (m,  n)  of  function  (1) .  Using  the 
decoding  procedure,  some  complex  number,  which  is  an  approximate  digital 
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representation  of  the  precise  coded  reference  of  the  transfer  function,  is  set 
into  agreement  to  each  fragment  of  the  transparency.  The  result  of  coding¬ 
decoding  of  function  (1)  can  be  represented  in  the  following  manner: 


H  (5,  70  =  22  \a  ft.*  •'im)  exp-[i<p  ft,,  1*)l  +  e  '!«))  X 

m  ft  . ; 

k .  .i  —  £ _ i  Ti  m  1  - 

Xrect-Ye—  red— ^ — . 


where  e(|n,  Hm).  is  the  coding  error. 

The  pulse  response  of  the  encoded  filter  assumes  the  form 

1  (*.  y)  =  2  2  (*(•**>  y«)  exp  \if(x„,  ym)J  -I-  Q(x„,  ym)}  X 

m  rt 


X  redi¬ 


rect 


yjm  —  y 

A  v 


(3) 


(4) 


where  Q(xn,  ym)  are  the  references  of  the  Fourier  transform  of  the  coding 
error. 


The  problem  of  selecting  the  coding  quality  criterion  of  functions  of  type 
(1)  was  first  considered  in  [1].  Based  on  the  given  function  (2),  its  Fourier 
transform  (1)  was  calculated,  which  was  subjected  to  the  coding-decoding 
procedure.  Using  the  reciprocal  Fourier  transform  from  function  (3) ,  conver¬ 
sion  to  function  (4)  was  made  and  the  following  value  was  selected  as  the 
coding  quality  criterion 


ri 


1 


max  '  max 


1-** max  }'inax 


J  j  1 1  !(x,  y)  —  i  (x,  y)  |]2  dx  dy. 


(5) 


'  ’max  "Xniax 


Further  development  of  the  problem  of  selecting  the  coding  quality  criterion 
was  given  in  [2-4].  It  was  suggested  in  the  given  paper  that  the  functional 
of  the  following  type  be  used  as  the  coding  quality  criterion 


^max  ’max  :  fe 

j  j  .  [|7/ft  v)-H[x,y)\]*dldyi. 

‘Snax  ~"T|max 

If  transfer  function  (1)  is  given,  the  use  of  criterion  (6)  does  not  require 
the  use  of  the  Fourier  transform.  If  the  pulse  response  (2)  is  given,  the 
Fourier  transform  is  used  once.  Let  us  show  that  analyses  (5)  and  (6)  are 
equivalent.  By  substituting  (2)  and  (4)  into  (5),  we  find 


i  2  ' 


L*niax  ymax 


Ax  Ay 


‘l^rr 


2  2  i  Qix*  y»>)  i- 


(7) 


By  substituting  (1)  and  (3)  into  (6) ,  we  find 
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as  aiT  '  y  y 

*l£max  YJmax  *“ 


£  (£//i  rhtt)  I 


Q(^n»  ^m)  and  are  linked  by  a  discrete  Fourier  transform;  therefore, 

one  can  write 

^  ^  j  Q  (*h>  //m)  |  L  )  8  (|?t,  Tjm)  j  . 


Since  A  a*  —  1/2  cm  ax,  Ay-- 1/2)]  max,  -Vmax-=  1/2A^,  ym^x=l/2Ar]  ,  then  '--.-iL 

and  accordingly^  =  %•  -max'NM1 


_A;  _Ar; 

‘hmax  7im,u  * 


It  follows  from  expression  (8)  that  the  mean  coding  error  is  not  dependent  on 
the  mutual  arrangement  of  the  encoded  points.  Since  transfer  function  (1)  has 

j\r p~»  one  can  form  N!  different  transfer  functions  having  identical 

_  AC  An).  ° 

mean  coding  errors  by  permutations.  The  set  of  indicated  transfer  functions 
can  be  described  naturally  by  some  statistical  characteristics,  for  example, 
by  the  two-dimensional  differential  law  of  distribution  of  the  modulus  and 
independent  variable  of  the  references  of  function  (1) .  Let  us  assume  that 
the  indicated  distribution  law  has  independent  components  of  distribution  of 
the  modulus  and  independent  variable,  i.e., 

/  <p)=/(r)f(l').  (9) 

where  r  and  <p  are  the  modulus  and  independent  variable  of  a  complex  number, 
which  is  the  reference  of  function  (1). 

We  note  the  most  important  practical  classes  from  an  infinite  set  of  distri¬ 
bution  laws  (9)  (see  table). 


f(<p) 

Hr) 

6(q>) 

[5(q>)+A(fp+*)J/2 

3T  recl(q>/2n) 

ltd  »i)  =  l 

(!)  (PMC.  I) 

Bmiiipno-fjinionnn 
(pitc.  2)  (2) 

P.mmiMcpHo-rfia^nnaH 
(puc.  3)  (3) 

1 

f6(r)+6(r— I)J/a 

.  Bhh?j)ho- 
aMii;niTyAirafl  ,/\ 
(pirc.  4) 

r>imapHo-KOMn*TieKcnan 

(p»c- 5)  (5) 

Bimripno-aMiunirryiiiiaa 
p  a  m  i  owe  p«o  ■ •  <{>  a  3piuu! 
(pnc.  6) 

red  (r— 0,5) 

PaimoMcpiio- 
a.MiijniT)Miiafl  (7) 
(puc.  7) 

PannoMcpiio-aMiunt- 
TyAHaa  Gmiapno-  (f 
(JmonaH 
(puc.  8) 

.  PilMIKHICpilO- 
'/  KOMriACKctiak  (9) 
(puc.  9)  *’ 

Note.  is  a  Dirac  delta-function. 
Key: 

1.  Figure  1 

2.  Binary-phase  (Figure  2) 

[Key  continued  on  following  page] 


3.  Uniform-phase  (Figure  3) 

4.  Binary-amplitude  (Figure  4) 
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[Key  continued  from  preceding  page] : 

5.  Binary-complex  (Figure  5) 

6.  Binary-amplitude  uniform-phase  (Figure  6) 

7.  Uniform-amplitude  (Figure  7) 

8.  Uniform-amplitude  binary-phase  (Figure  8) 

9.  Uniform-complex  (Figure  9) 


The  distributions  presented  in  Figures  1-9  correspond  to  special  cases  of 
transfer  functions  of  more  general  classes.  Thus,  for  example,  the  distri¬ 
butions  shown  in  Figures  1,  4  and  7  are  related  to  the  class  of  non-negative 
amplitude  transfer  functions,  the  general  form  of  which  can  be  represented 
in  the  following  manner:  //(§,  rj)  ij)  »  where  ti)<1. 

The  distributions  presented  in  Figures  2,  5  and  8  are  related  to  the  class  of 
alternating  amplitude  transfer  functions  of  type  H (£, rj)  >  where 

j  a(s.  u)  [<J  •  j 


Distributions  1,  2  and  3  belong  to  the  class  of  phase  functions  of  type 

//(s,  ti)=exp[i'<|'(§,  1))]. 


The  distributions  presented  in  Figures  6  and  9  belong  to  the  class  of  complex 
functions  of  general  form  (1) 


The  problem  of  finding  the  best  coding  algorithm  from  a  set  of  known  algorithms 
is  solved  for  each  class  of  transfer  functions.  One  or  several  realizations  of 
random  process  (9) ,  for  which  the  problem  of  selecting  the  coding  algorithm  by 
the  minimum  error  criterion  (6) ,  is  generated  by  using  the  random  number  sensor 
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according  to  the  expressions  presented  in  the  table.  In  sum,  the  coding  prob¬ 
lem  reduces  to  determination  of  the  class  of  the  transfer  function  and  to  use 
of  the  corresponding  algorithm. 

Let  us  select  the  distribution  shown  in  Figure  9  for  comparative  analysis  of 
the  coding  quality  of  different  algorithms  in  the  more  general  case  when  the 
class  of  the  transfer  function  is  unknown.  Let  us  show  that  by  introducing 
different  weight  functions  from  a  distribution  of  form 

/  (/".  <p)  —  -rr-  red  (r  0,5)  rect(<p/2rc),  !  ;  (10) 

. . -V  i  •  .  -  i 

one  can  find  any  class  of  distributions  since  the  amplitude  component  of  func¬ 
tions  (1)  is  a  limited  value,  i.e.. 

An  infinite  set  of  realizations  of  function  (1)  corresponds  to  distribution 
(10).  The  resulting  specific  realizations  is  related  to  the  procedure  of 
generation  of  random  numbers.  Since  distribution  (10)  has  a  comparatively 
simple  form,  then  one  can  suggest  a  set  of  specific  functionsr  (1)  having 
distribution  (10) ,  for  example: 


(ID 


It  follows  from  expression  (11)  that  the  modulus  of  the  maximum  error  of 
being  given  the  transfer  function  is  e,nax  --■=  -i-  j/A?2  -|~  Av(2, 

Let  us  assume  that  the  coding  error  is  equal  to  zero  if  its  modulus  does  not 
exceed  the  value  £max,  i.e.. 


6  '%,) 
0 


at 

at 


1 6  (t.  l/n)  1  >  ®max 

I  e  (^n*  ^m)  I  ^  cma* 


(12) 


Let  us  return  to  the  procedure  of  generation  of  universal  differing  structures 
represented  in  the  framework  of  a  single  fragment  of  an  encoded  transparency 
and  that  does  not  contradict  the  coding  algorithm:  S  =  So,  Si,  ...»  Sfc.  A 
complex  number  C  j :  C  =  Cq»  Cj_,  ...»  Ck,  is  assigned  to  each  structure  of  Sj  by 
using  the  decoding  procedure.  If  i  Ci j  <  1,  then  at  least  one  reference  with 

number  (n,  m) ,  for  which  Tjm) — C;-|=^em.ix  ,  i.e.,  a  precisely  given  coding 

reference  with  regard  to  (12) ,  is  always  found  among  references  (11) .  One 
can  show  that  the  corresponding  indices  are  determined  in  the  following  manner: 
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A  value  of  e(|n,  tj,,,)  —  0  is  assigned  to  each  reference  (8)  with  indices  from 
(13).  Let  us  find  the  closest  reference  (mg,  no),  equal  to  zero  for  each  of 
the  remaining  references  (m,  n)  and  let  us  perform  the  operation: 

e(g„,  n„)  =emax[(m— m0)2.+;(»— no)2]1!2- 

Thus,  the  procedure  of  determining  references  £  (£n,  ^m)  for  transfer  functions 
having  distribution  (10)  is  not  dependent  on  a  specific  type  of  function  (1) 
and  one  can  compare  the  different  coding  algorithms  by  using  analysis  (8) . 

One  can  show  that  a  similar  approach  can  also  be  used  for  distributions  dif¬ 
fering  from  (10). 
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11  Dec  81)  pp  17-23 

[Article  by  0.  V.  V!yushin  and  P.  L.  Khrapkin,  Novosobirsk] 

[Excerpts]  1.  Introduction.  General  description  of  subroutine  pack.  The 
operating  experience  of  scientific  centers  shows  that  a  large  part  of  applied 
programs  is  written  in  FORTRAN  language.  Compilation  of  the  experiment  con¬ 
trol  and  data  processing  program  in  this  language  for  experimenters  is  usually 
simpler  and  faster  than  in  Assembler  language.  However,  FORTRAN  syntax  has  no 
standard  devices  for  operating  with  CAMAC  equipment.  An  applied  subroutine 
pack  written  in  Assembler  language  must  be  developed  to  guarantee  the  capabil¬ 
ity  of  the  use  of  CAMAC  by  a  wide  range  of  experimenters.  The  called  pack  sub¬ 
routines  are  usually  included  in  the  user  program  at  the  Assembly  stage.  The 
ES0NE/SR/Q1  standard  SUBROUTINES  FORCAMAC"  was  taken  as  the  basis  in  writing 
the  pack  [1] . 

The  subroutine  pack  is  designed  for  working  on  the  Elektronika-60  or  SM-3 
microcomputers  with  RSX-11  multiprogram  real-time  operating  system.  Type  CC-11, 
M400,  SM-3,  K-16  and  E-60  CAMAC  controllers  were  used.  With  slight  modifica¬ 
tions,  the  pack  can  be  used  with  other  types  of  controllers,  on  other  computers 
of  the  SM  series,  the  Elektronika  series  or  the  PDP-11  and  with  other  operating 
systems  (see  section  7  for  more  details). 

The  pack  subroutines  are  not  oriented  toward  servicing  of  some  specific  equip¬ 
ment  modules.  They  permit  one  to  work  with  any  devices  in  the  CAMAC  standard 
since  they  realize  themselves  the  requirements  of  this  standard:  execution  of 
CAMAC  instructions,  generation  of  general-control  signals  (Z,  C,  I)  and  data 
exchange  modes  provided  by  the  standard. 
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29  Jun  81)  pp  23-28 

[Article  by  M.  A.  Kurilov,  V.  V.  Manako,  A.  I.  Nikitin  and  I.  V.  Chichkan' , 
Kiev] 

[Excerpts]  The  standard  graph  pack  GRAS  (graph  standard)  [2-4],  which  satis¬ 
fies  international  recommendations  on  standardization  ACM/SIGGRAPH  [5,  6],  has 
been  developed  at  the  Institute  of  Cybernetics, .Ukrainian  SSR  Academy  of 
Sciences. 

The  structure  and  functional  capabilities  of  GRAS  in  display,  storage  and 
transmission  of  graphical  data  are  considered  in  the  article. 

Practical  realization  of  the  GRAS  PDFO  [pseudodisplay  exchange  file]  is  accom¬ 
plished  within  the  framework  of  developing  general  software  of  the  computer 
center  network  of  the  Ukrainian  SSR  Academy  of  Sciences. 

Conclusions.  The  GRAS  is  now  the  nucleus  of  the  graph  pack  of  a  scientific 
research  hardware-software  complex  for  modelling  of  the  SAPR  [automated  design 
system],  Institute  of  Cybernetics,  Ukrainian  SSR  Academy  of  Sciences,  and  of 
the  subroutine  pack  for  graphical  display  of  the  results  of  processing  scien¬ 
tific  information  at  computer  centers  of  the  Ukrainian  SSR  Academy  of  Sciences. 
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SOFTWARE  FOR  STATISTICAL  ANALYSIS  OF  AERIAL  PHOTOGRAPHS  OF  TIMBER 

Novosibirsk  AVTOMETRIYA  in  Russian  No  4,  Jul-Aug  82  (manuscript  received 
18  Jan  82)  pp  34-40 

[Article  by  V.  A.  Ivanov  and  G.  A.  Ivanchenko,  Novosibirsk] 

[Text]  A  number  of  problems  solved  on  the  basis  of  an  automated  image  process¬ 
ing  complex  [1],  realized  at  the  IAiE  [Institute  of  Automation  and  Electrometry], 
Siberian  Department,  USSR  Academy  of  Sciences,  is  related  to  study  and  classi¬ 
fication  of  forest  sections  from  aerial  photographs.  Problems  of  algorithmic 
support  and  software  for  statistical  analysis  of  images  of  forest  tracks  are 
considered  in  the  given  paper. 

The  results  of  [2,  3]  on  the  geometric  probabilities  and  point  processes  were 
used  in  development  of  the  algorithms.  The  extensive  bibliography  available 
in  the  indicated  monographs  does  not  permit  one  to  present  a  detailed  list  of 
the  literature. 

The  software  considered  in  the. paper  can  conditionally  be  divided  into  two 
groups.  The  first  group  includes  programs  that  operate  directly  with  the  image 
and  the  second  group  includes  programs  that  operate  with  data  files  on  disk 
units  produced  by  programs  of  the  first  group. 

Programs  of  the  first  group.  The  LESK  program.  One  of  the  natural  methods  of 
checking  the  random  nature  of  the  distribution  of  objects  on  a  surface  is  to 
check  the  agreement  of  the  sample  distribution  to  Poisson  distribution 

Pin,  X)  =  (Xn/nl)e-\  (1) 

where  n  is  the  number  of  objects  on  a  fixed  area  and  A  is  the  density  of  objects. 

When  plotting  the  sample  distribution,  one  must  "adjust"  the  parameters,  which 
is  done  in  the  dialogue  mode  with  visualization  of  the  intermediate  phases  on 
the  television  monitor  screen.  To  do  this,  the  most  "typical"  fragment  of  the 
image  (3  X  3  mm)  of  the  section  of  aerial  photograph  to  be  processed  is  selec¬ 
ted;  the  level  of  density  is  given  (by  the  histogram),  the  number  of  crowns  on 
the  fragment  is  given  and  the  average  area  of  the  tree  crown  (unit  of  biomass) 
is  determined;  the  total  number  of  units  of. biomass  required  to  select  the  size 
of  the  fixed  area  and  the  quantification  levels  is  found  on  the  section  to  be 
processed. 
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The  program  output  data  are  the  distribution  of  the  number  of  sites  with  n 
points,  the  total  area  of  the  crowns  and  the  number  of  "average"  trees. 

The  LESKRI  program.  The  theory  of  intersection  of  random  straight  lines  with 
nonintersecting  objects  on  a  plane  is  used  in  applications  to  ecology  [2].  The 
objects  (tree  crowns)  intersect  the  secant  (a  straight  line  drawn  through  the 
section  to  be  investigated)  at  intervals  of  length  1q  and  the  background  at 
intervals  of  length  If  The  program  for  the  section  of  image  with  the  given 
number  of  intersecting  straight  lines  plus,  the  distribution  of  the  intervals 
of  the  object  and  the  background  which  can  be  used  in  analyzing  the  average  di¬ 
ameters  of  the  crowns,  the  distances  between  trees  and  the  density  of  objects 
(if  the  distribution  of  the  crown  diameters  is  known) . 

Programs  for  formation  of  point  fields.  The  following  three  programs  are  in¬ 
tended  for  determination  and  finding  the  coordinates  of  the  centers  of  crowns 
and  their  areas  with  the  data  recorded  in  a  disk  unit  file.  The  characteris¬ 
tics  of  the  images  of  forest  sections  on  aerial  photographs  include  possible 
and  significant  closing  of  crowns,  in  variations  of  the  density  of  the  crowns 
and  background  (even  in  small  sections),  low  resolution  and  high  noise  level. 
These  characteristics  do  not  permit  full  automation  of  the  process  of  deter¬ 
mination  of  crowns  and  analysis  of  their  parameters,  which  results  in  the  need 
to  use  the  dialogue  mode. 

The  LESRT  program.  For  a  given  section  of  forest  image,  the  program  permits 
one  to  find  in  dialogue  mode  the  centers  of  tree  crowns.  The  next  fragment  of 
the  section  to  be  processed  is  summoned  to  the  TV  monitor  screen;  the  centers 
of  the  tree  crowns,  the  coordinates  of  which  are  entered  in  the  buffer  file, 
are  noted  with  a  marker.  After  passing  over  the  entire  section  of  the  image, 
the  coordinates  and  data  on  the  photograph  are  recorded  in  the  disk  unit  file. 
The  program  is  used  in  the  most  complex  cases  if  there  is  significant  closing 
of  crowns  and  low  levels  of  density  of  crowns  and  background. 

The  LESART  program.  The  program  accomplishes  semiautomatic  separation  of 
crowns  and  producing  analyses  of  the  coordinates  of  the  "centers  of  gravity" 
(TsT)  and  areas.  Division  of  the  image  into  two  classes  (objects  and  back¬ 
ground)  according  to  a  standard  is  used  to  detect  the  crowns.  Sample  values 
of  the  mean  density ^  and  its  dispersion  on  an  elementary  fragment  (EF) 

(with  minimum  dimension  of  100  X  100  m  and  maximum  number  of  points  20  X  20) 
are  used  as  the  feature  in  division  into  classes.  The  values  of  <C  and  of 
the  elementary  fragment  indicated  by  a  marker  on  the  image  brought  to  the  TV 
monitor  screen  are  taken  as  the  reference  values and  S^. 

The  following  approximation  is  used  as  the  criterion  for  division  of  the  frag¬ 
ment  to  be  processed  into  two  classes  by  mean  values  [4] 

t  >  ^l-a  [  (S2  -f-  *Sg)1/'/ 1/" TV], 

where  v  =  (W  +  1)  [(S*  +  5*)2/ (S«  +  Si)] -2  and  N  is  the  volume  of  the  sample. 

This  division  of  the  fragment  into  two  classes  takes  into  account  to  some  de¬ 
gree  the  variation  of  density,  unlike  simple  division  by  level.  The  elementary 
fragments  belonging  to  the  objects  are  then  grouped  by  the  threshold  distance 
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from  the  "center  of  gravity"  of  the  group.  The  grouping  permits  one  to 
separate  closed  crowns  in  many  cases  since  the  contours  in  the  first  approx¬ 
imation  can  be  represented  by  a  circle.  The  "center  of  gravity"  of  the  group 
is  taken  as  the  center  of  the  crown  and  the  number  of  elementary  fragments  in 
the  group  is  taken  as  the  area.  The  resulting  centers  of  the  crowns  are  re¬ 
trieved  (in  the  form  of  marks)  to  the  initial  image  as  a  verification.  If 
there  are  significant  errors,  the  operator  can  repeat  processing  of  the  frag¬ 
ment  by  changing  the  parameters  or  he  can  use  the  LESK  program  for  processing. 
If  the  result  is  satisfactory,  the  data  are  entered  in  the  buffer  file  and  one 
goes  on  to  the  next  fragment.  The  data  on  the  photograph  (the  number  of  the 
photograph,  size  of  the  section  and  number  of  objects),  the  coordinates  and 
the  areas  of  the  objects  are  entered  in  the  disk  unit  file  after  the  given 
section  is  processed. 

The  LESARP  program.  The  program  for  the  density  level  (given  or  determined  by 
the  density  histogram)  distinguishes  closed  objects  and  counts  their  "centers 
of  gravity"  and  the  area  on  the  fragment  of  a  3  X  3  mm  image  with  number  of 
points  of  256  X  256.  Data  on  the  fragments  are  entered  in  the  buffer  and  are 
recorded  in  the  disk  unit  file  after  the  entire  section  has  been  processed. 

The  program  is  applicable  to  images  with  nonintersecting  objects  (distinguish¬ 
ed  by  the  level  of  density  with  small  errors) . 

Programs  of  the  second  group.  The  programs  of  this  group  operate  with  data 
files  that  represent  files  of  the  coordinates  of  the  centers  of  crowns  pro- 
duced  from  images  of  forest  sections . 

The  LESRRN  program.  Users  are  primarily  interested  in  the  question  of  whether 
the  arrangement  of  points  on  the  section  of  forest  to  be  studied  is  random. 

One  of  the  possible  methods  is  to  check  the  agreement  of  the  sample  distribu¬ 
tion  of  distances  to  the  nearest  neighbor  with  theoretical  distribution  of  the 
distances  of  the  random  field  of  points  generated  by  the  Poisson  process, 
which  has  the  form  [2]  . . 

P  (r)  =  2nXre~nUi,  (2) 

where  X  is  the  density  of  points  on  the  section  to  be  considered. 


Figure  1.  Area  and  Angle  (X  ±  Corresponding  to  Point  i 
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The  program  plots  the  distribution  indicated  above  from  the  data  on  the  co¬ 
ordinates  of  points  read  from  the  disk  unit  file  and  finds  the  theoretical 
frequencies  on  the  basis  of  relation  (2).  The  value  of  %r  is  considered  to 
verify  the  agreement  of  the  sample  and  theoretical  distributions.  Moreover, 
the  mean  value  of  r  and  the  mean  square  deviation  from  the  average  are 
calculated. 

Investigation  of  the  fields  of  the  centers  of  crowns  of  a  natural  forest 
showed  that  the  real  sample  distributions  are  not  described  by  (2)  (see  Fig¬ 
ure  4) ,  which  is  related  to  the  finite  dimension  of  the  crowns  for  a  mature 
forest. 

The  PUASON  program.  A  check  of  the  random  nature  of  arrangement  of  the  cen¬ 
ters  of  objects  is  less  sensitive  to  the  size  of  the  crown  if  the  distribution 
of  areas  related  to  the  object  is  considered. 

Sample  distributions  of  the  areas  and  angles  are  plotted  for  the  points  ran¬ 
domly  arranged  on  a  rectangular  site  with  sides  a  and  b.  The  points  are  first 
ordered  by  distance  from  the  beginning  of  the  coordinates  to  point  i,  so  that 
Ri-1  <_  R-£.  Area  Si  and  angle  o<a  shown  in  Figure  1  are  related  to  each  point  i 

The  distributions  of  the  areas  and  angles  for  a  field  of  N  points  in  a  rectan¬ 
gular  zone  have  the  form 

/  (5)  =  (l/SCp)  rS/Sop=  (3) 

where  Ssr  =  ab/N  =  1/A  and 

. . ■  •  <p(<x)  =  {a/ 2b)  tga,  0  <  arctg  ib/a), 

■  - - - — - . -  (4) 

q>(ct)  =  6/(2atga),  arctg  (b/a)  <  a  <  n/2. 

p 

The  %  criterion  is  used  to  check  the  agreement  of  the  sample  distributions 
to  (3)  and  (4).  The  program  output  data  are  the  sample  an^  theoretical  dis¬ 
tributions  of  the  areas  and  angles  and  the  values  and%r. 

The  VOPLES  program.  Latticed  models  are  used  extensively  in  applied  problems 
of  geology,  ecology  and  so  on  [3,  5].  Voronyy's  polygons,  which  permit  one 
to  achieve  a  number  of  distributions,  are  best  well  known.  The  algorithms 
proposed  by  some  authors  to  plot  Voronyy’s  polygons  include  $N  In  N  operations 
(N  is  the  number  of  points  in  the  domain  and  9  is  some  constant)  and  require 
a  significant  memory  capacity.  Algorithms  with  number  of  operations  N^, 
but  with  small  main  memory  capacity  used,  can  be  permitted  in  realization  on 
minicomputers  (for  example,  the  YeS-1010). 

Let  a  field  of  point  objects  {aj}  be  given  on  a  plane.  Let  us  connect  the 
set  of  all  points  x  =  (xq,  X2)  of  the  plane  to  each  point  a±9  for  which 
R  (a*,  x)  =  mini?  (aj, x)  5  where  R(aj,  x)  is  the  distance  from  aj  to  x.  The  set 
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of  all  points  x  that  satisfy  the  inequality 


Figure  2.  Diagram  of  Construction  of  Voronyy’s  Polygon 

of  all  points  x  that  satisfy  the  inequality  /?(«,-,  x)  generates 

VoronyyTs  polygons  V1,  which  contain  point  ai,  "closed1'  from  other  points 
aj  (j  f  i) . 

The  proposed  algorithm  is  intended  for  construction  of  Voronyy's  polygons  in 
the  limited  convex  domain  of  a  plane  with  given  coordinates  of  point  objects. 
For  simplicity,  let  us  consider  the  domain  in  the  form  of  a  square.  The  basis 
of  the  algorithm  is  the  procedure. of  constructing  the  polygon  for  any  point 
of  set  without  regard  to  previously  constructed  polygons.  The  indepen- 

dence  of  construction  of  polygons  reduces  to  operations  when  constructing 

the  mosaic  for  N  points. 

Description  of  the  POLIGON  procedure.  0.  Let  us  form  the  initial  polygon  V® 
(Figure  2,  a)  with  vertices  V^(p  =  1,4),  which  coincides  with  the  initial 
point  field. 


1.  Let  us  calculate  the  value 

r?  =  max  (r»  =  ]7 (*,  -  x^f  +  (y,  -  j£)  j  (p  =  17^), 

where  Xp,  yp  are  the  coordinates  of  the  vertex  of  polygon  and  m  is  the 
number  of  vertices  of  polygon  V*^. 


2.  Let  us  find  the  point  such  that  ^  ^  will  be  minimal 

for  all  values  of  j  =  1,  N,  except  jq  (q  =  1,  1)  for  which  riji  i . 


3.  Let  us  draw  a  straight  line  passing  through  the  middle  of  the  segment 

connecting  points  i,  Ji+i  and  perpendicular  to  this  segment  (see  Figure  2,  a 
for  the  first  iteration  of  1  =  0);  let  us  find  the  points  of  intersection 
with  sides  of  polygon  V^.  If  intersects  the  sides  of  V^-,  then  we  go  to 

item  4  and  if  not  we  go  to  item  5. 

4.  Let  us  form  a  new  polygon  (see  Figure  2,  b  for  1  =  0  and -Figure  2,  c  for 

1=1)  and  let  us  go  to  item  1. 


5.  Let  us  check  the  inequality  riji+ 1  >  2r?. 1  if  the  inequality  is  fulfilled, 
then  construction  of  the  polygon  is  stopped  and  we  go  to  item  6,  otherwise  we 
go  to  item  1. 
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Figure  3.  Field  of  261  Points  Produced  by  LESART  Program  on  Fragment 
of  Image  of  Forest  Section 

6.  Let  us  calculate  the  area,  length  of  the  sides,  number  of  neighbors  and 
the  perimeter  of  a  polygon  for  point  i  and  let  us  turn  to  construction  of  the 
polygon  for  the  next  point. 

To  accelerate  the  work  of  the  procedure  in  fulfillment  of  item  2,  one  can  do 
away  with  calculation  of  r?j  for  the  points  whose  coordinates  satisfy  the 
inequalities 


\x,-x,\  >  r„  \y(-y}\  >rP, 
where  rp  is  some  threshold  distance. 

Exclusion  of  items  1  and  5  is  also  possible  if  the  outcome  from  the  procedure 
(turning  to  item  6)  is  carried  out  by  the  threshold  number  of  points  KP  that 
do  not  yield  intersections  of  with  V1.  Introduction  of  these  heuristics 

permits  one  to  reduce  the  number  of  operations,  i.e.,  the  value  of  in 
and  the  possible  errors  essentially  do  not  affect  the  resulting  distributions. 
For  real  point  fields,  the  number  of  errors  in  construction  of  one  side  of  the 
polygon  did  not  exceed  1  percent  of  the  total  number  of  points.  The  consider¬ 
ed  algorithm  is  realized  by  the  VOPLES  program.  The  input  data  of  the  program 
are  similar  to  programs  LESRRN  and  PUASON.  The  output  data  are  the  distribu¬ 
tions  of  the  number  of  adjacent  points,  the  lengths  of  the  sides  and  the  areas 
of  the  polygons  and  perimeters. 
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Figure  4.  Graphs  of  Sample  and  Theoretical  Distributions  Produced 
by  LESRRN  Program:  The  value  of  2  for  29  degrees  of 
freedom  is  equal  to  797,86,  which  contradicts  the  hypo¬ 
thesis  of  the  random  distribution  of  points.  The  mean 
value  r  and  the  mean  square  deviation  are  equal  to  48 
and  50,  respectively. 


Figure  5.  Graphs  of  Theoretical  and  Sample  Distributions  of  Areas  and 
Angles  f(S),  ft(S)  and  *p(p()  ,  (0()  found  by  the  PUASON 

Program:  The  values  of =  47.76  and  Jty  =  31.90  with  *0  = 

=  29  permit  one  to  use  the  zero  hypothesis  with  significance 
level  0.02. 

The  first  and  second  moments  of  the  indicated  characteristics,  the  distribu¬ 
tion  of  areas  achieved  by  modelling  and  also  the  possible  applications  of  the 
given  program  are  presented  in  [3]  for  the  case  of  a  Poisson  field.  Analysis 
of  Voronyy’s  polygons  for  points  that  are  the  centers  of  the  crowns  of  trees 
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permits  one  to  estimate  the  status  of  a  forest  and  the  tendencies  toward 
grouping  of  trees  or  toward  regular  distribution  with  respect  to  images  of 
forest  sections. 

The  GROUPK  program  separates  the  related  groups  in  a  set  of  data  that  repre¬ 
sent  a  random  point  field.  It  is  assumed  that  two  points  i,  j  belong  to  the 
same  group  if  the  distance  rit  =  V (xt  -  xJV  +  (y(  -  ^between  them  is  less  than  some 
threshold  distance  Pr.  Selection  of  the~threshold  is  very  important  to  find 
"natural"  groups. 

Since  a  fragment  of  an  aerial  photograph  of  a  forest  measuring  NX  X  NY  is 
considered  as  the  set  of  data,  then  selection  of  the  threshold  is  related  to 
the  number  of  trees  (KD)  on  this  fragment  [2]: 

P  —KX  NXX  NY/lnKR), 
where  K  is  the  given  parameter. 


Figure  6.  Voronyy's  Polygons  Constructed  by  VOPLES  Program 

The  group  separation  algorithm  includes  the  following.  Let  us  arbitrarily 
select  one  of  the  points  as  the  initial  point  and  let  us  regard  it  as  the 
first  point  of  the  group.  We  then  find  all  the  nearby  points,  the  distance 
to  which  from  the  first  point  is  less  than  the  threshold  distance,  and  we  in¬ 
clude  them  in  the  group.  We  then  take  the  second  point  of  the  group  and  find 
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all  the  points  nearest  to  it  (of  those  which  have  not  yet  been  included  in 
this  group) .  We  repeat  this  procedure  until  the  distance  to  the  remaining 
points  will  be  greater  than  Pr  for  each  of  the  points  of  the  group.  We  then 
assume  some  point  not  included  in  the  group  as  the  initial  point  for  the  next 
group  and  we  repeat  the  process  of  formation  of  groups.  The  coordinates  of 
the  centers  (as  the  centers  of  gravity  of  the  points  falling  in  the  group) 
are  found  simultaneously  with  separation  of  the  groups. 
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The  average ^number  of  groups  of  all  dimensions  per  unit  area  can  be  indicated 
for  a  Poisson  point  process  [3]: 

C  ~  (nP2X)/exv(nPlk-l),- 

where  A  is  the  density  of  the  points. 

The  output  parameters  of  the  program  for  different  threshold  distances  are 
the  following  characteristics  of  the  groups:  the  number  of  elements,  the 
coordinates  of  the  centers,  the  mean  radius  and  the  mean  square  deviation  of 
the  radius  for  each  group,  the  average  distance  between  points  of  the  group 
and  the  mean  square  deviation  of  this  distance. 

The  program  permits  one  to  analyze  random  point  fields  for  group  distribution, 
which  is  of  important  significance  for  analyzing  the  status  and  for  predicting 
the  development  of  a  forest. 

Thus,  the  software  for  preliminary  statistical  analysis  of  aerial  photographs 
of. a  forest,  also  applicable  to  other  images  of  point  objects,  has  been 
developed. 

The  results  of  the  operation  of  some  programs  is  illustrated  by  Figures  3-6 
and  by  the  table,  in  which  the  distributions  of  groups  for  different  thres¬ 
hold  distances  Pr  are  presented.  The  initial  values  can  be  found  by  the 
LESRRN  program  or  can  be  estimated  as  the  mean  value  of  the  distance  to  the 
nearest  neighbor  for  random  distribution. 
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[Text]  Introduction.  The  given  article  is  a  development  of  [1];  its  purpose 
is  to  describe  organization  of  the  software  of  an  automated  aerospace  data 
processing  complex  [2],  which  was  realized  on  the  YeS-1010  computer — the  con¬ 
trol  computer  of  the  system. 

The  software  of  the  complex  can  be  divided  into  three  levels.  The  baseline 
lower  level  program  modules  (systems  software)  usually  written  in  Assembler 
language  or  in  PLR-10  high-level  language,  are  engaged  in  processing  input- 
output  operations  or  the  simplest  operations  (with  minimum  calculations)  of 
processing  data  coming  from  the  scanning  device  of  the  Zenit-2  photometric 
automaton  [3].  Medium-level  program  modules  (specialized  software),  usually 
written  in  FORTRAN  language  and  that  carry  out  preliminary  processing  of  in¬ 
coming  data,  are  formulated  in  the  form  of  final  functional  operations  that 
use  low-level  modules.  Applied  programs,  which  usually  operate  in  the  dia¬ 
logue  mode  or  in  the  dialogue  mode  with  program  initiative,  which  realize  a 
specific  algorithm  for  processing  data  recorded  on  photocarriers  (specifical¬ 
ly,  astronomical  and  aerial  photographs),  are  written  or  can  be  developed  on 
the  basis  of  low—  and  medium— level  program  modules.  The  applied  programs  also 
include  diagnostic  monitor  systems  designed  to  adjust  and  debug  various  con¬ 
trol  CAMAC  units,  other  functional  parts  of  the  photometric  automaton  and  its 
specialized  external  devices. 

Storage,  call  and  assembly  of  modules.  The  text  of  each  program  is  stored  in 
the  symbol  file  of  the  FMS-10  file  control  system  [4];  the  name  of  the  text 
module  coincides  with  the  name  of  the  first  section  .(if  this  is  an  Assembler 
module  or  a  module  written  in  PLR-10  language)  or  with  the  name  of  the  first 
subroutine  (if  this  is  a  FORTRAN  module.  The  symbol  files  are  processed  by 
using  the  text  data  preparation  and  editing  system  [5],  The  object  module  of 
RB  format  [6],  which  will  have  the  name  coinciding  with  the  name  of  the  first 
section  or  subroutine,  and  can  be  placed  in  one  of  the  libraries  of  the  disk 
operating  system  (SL  for  specialized  medium-level  modules  and  UL  for  low-level 
systems  modules),  is  produced  after  translation  of  the  text  module,  generally 
containing  several  sections  or  subroutines.  The  name  of  the  object  module  can 
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be  subsequently  changed  by  using  the  BIB  systems  program,  but  the  names  of 
the  sections  or  subroutines  cannot  be  changed.  Call  of  single  sections  pre¬ 
sents  no  difficulties  upon  assembly  of  the  executed  programs  of  RMI  format 
by  the  linkage  editor  LINKD.  If  the  object  module  contains  several  sections 
and  if  only  the  sections  different  from  the  first  are  called  from  the  main 
program,  the  linkage  editor  cannot  find  them  in  the  library.  To  avoid  these 
situations,  the  first  section  is  used  in  the  described  modules  for  loading 
the  entire  module  and  contains  either  "variable  fixing"  operations  (see  below) 
and  variable  and  equipment  initiation  operations  or  simply  returns  to  the 
call  module.  It  is  sufficient  to  call  the  initiating  section  once  (at  the 
beginning  of  the  program) .  If  the  program  to  be  executed  has  an  overline 
structure,  the  call  of  similar  sections  can  be  placed  in  the  trunk  of  the 
program  (single  call)  or  at  the  beginning  of  one  of  the  parallel  branches 
(automatic  multiple  call  with  alternate  loading  of  the  branch  in  the  main 
memory) . 

The  program  to  be  executed  can  operate  only  in  one  of  two  modes:  in  normal 
mode  (SM — SLAVE  MODE)  or  in  the  privileged  mode  (MM — MASTER  MODE).  Unfortun¬ 
ately,  a  translator  with  FORTRAN  does  not  permit  the  program  to  be  executed 
to  operate  in  the  MM  mode  if  it  has  a  subroutine  with  parameters  written  in 
FORTRAN.  All  the  low-level  modules  contain  input-output  instructions  and 
accordingly  should  operate  in  the  MM-mode.  Thus,  programs  that  utilize  these 
modules  should  operate  in  the  MM-mode  and  can  have  no  FORTRAN-subroutines  with 
parameters.  The  parameters  can  be  transferred  in  the  MM-mode  to  a  FORTRAN 
module  only  through  the  common  data  unit  (COMMON)  with  call  without  parameters. 
Call  of  the  Assembler  module  from  the  FORTRAN  program  is  possible  and  is  used 
in  the  ordinary  manner  and,  if  the  section  simulates  the  subroutine-function, 
i. e.  ,  it  transfers  the  value  in  the  registers  and  does  not  require  an  inde¬ 
pendent  variable,  the  actual  parameter  should  then  be  indicated:  A  =  FUNCT 
(DUMMY).  The  method  of  fixing  the  variables  is  used  to  accelerate  the  process 
of  parameter  transfer.  The  variables  for  the  input  and  output  data,  with 
which  the  remaining  sections  will  work,  are  indicated  for  this  in  the  call  of 
the  initiating  section  of  the  module  with  several  sections  and  these  sections 
are  called  without  parameters  (the  input  data  are  assigned  prior  to  the  call 
and  the  result  is  assigned  prior  to  the  return) ,  as  when  working  with  a  common 
data  unit,  except  the  variables  here  will  be  found  in  the  local  data  segment. 
The  parameter  transfer  process  is  accelerated  due  to  the  fact  that  the  FOR- 
TRAN-translator  adds  the  instruction  of  loading  the  X-register  to  each  opera¬ 
tion  when  working  with  COMMON-variables  and  the  next  instruction  will  be  global 
indirect- indexed  instead  of  a  single  direct  local  instruction  in  the  described 
method. 

Organization  of  systems  program  modules.  All  sections  of  the  program  to  be 
executed  can  operate  either  in  the  SM-  or  in  the  MM-mode  as  a  function  of  the 
given  parameter  for  assembly  of  the  RB-modules  by  the  linkage  editor.  Any 
systems  module  services  any  external  device  and  therefore  should  operate  in 
the  MM-mode.  Three  different  methods  are  used  in  the  described  software.  The 
first  standard  method  of  designing  the  program  modules  is  included  in  writing 
the  handlers,  when  the  processing  program  can  be  logically  divided  into  ele¬ 
mentary  input-output  operations  for  a  specific  external  device  (or,  for  exam¬ 
ple,  for  a  UMSO — unified  main  line  data  exchange  system  [7]).  The  handler 
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(or  rather  its  second  half)  operates  in  the  MM  mode,  while  the  program  that 
has  access  to  the  handler  operates  both  in  the  MM-  and  in  the  SM-mode.  The 
second  standard  method  includes  the  fact  that  the  systems  programs  that  use 
privileged  instructions  were  formulated  in  the  form  of  separate  sections  and 
are  loaded  during  generation  as  supplementary  sections  of  the  monitor  operat- 
ing  in  the  MM— mode.  The  programs  can  operate  in  both  modes  both  in  the  first 
and  second  case.  The  third  method  includes  the  following.  One  can  write  and 
place  in  the  monitor  two  supplementary  sections  of  the  monitor  during  its 
generation  which  would  replace  the  SM— mode  for  the  MM— mode  and  vice  versa  (by 
entering  the  corresponding  data  in  a  cell  with  address  6  of  the  global  data 
segment  of  the  program  to  be  executed  prior  to  the  instruction  RSV)  so  that 
the  program  operates  in  the  SM-mode  and  the  systems  modules  operate  in  the 
MM-mode  (similar  to  the  first  and  second  parts  of  the  handler) .  COMMON- 
variables  can  be  used  for  parameter  transfer.  If  we  want  to  use  the  proce¬ 
dure  of  parameters  in  the  FORTRAN— subroutine,  then  the  program  should  operate 
in  the  SM-mode  by  this  moment  (or  always)  (due  to  operation  of  the  FORTRAN- 
translators  (FORTD)  up  to  at  least  the  ninth  version).  Therefore,  when  using 
the  first  two  methods,  it  is  no  longer  necessary  for  the  programs  to  operate 
in  the  MM-mode  and  accordingly  the  modules  with  privileged  instructions  cannot 
be  used.  In  the  third  method,  due  to  the  fact  that  the  linkage  editor  gener¬ 
ates  addresses  with  absolute  values  or  with  values  with  respect  to  the  begin¬ 
ning  (G)  of  the  program  for  the  entire  program  as  a  whole  rather  than  with 
respect  to  each  module  separately,  and  the  supplementary  sections  that  switch 
the  mode  also  cannot  solve  problems  of  parameter  transfer  to  the  FORTRAN-mod- 
ule  due  to  the  difficulty  of  writing  the  Assembler  program  with  the  same  type 
of  addresses. 

The  first  two  methods  of  operation  are  acceptable  if  the  systems  part  of  pro¬ 
cessing  as  a  whole  no  longer  changes,  since  the  process  of  debugging  the  hand¬ 
ler  s  and  supervisor's  sections  together  with  the  process  of  generation  is  a 
rather  complex  procedure.  The  third  method  can  be  applied  with  special  care 
to  methods  of  addressing  for  writing  the  systems  programs.  Therefore,  with 
the  exception  of  the  separately  described  cases  when  writing  the  FORTRAN-pro- 
grams,  assembly  is  accomplished  by  the  linkage  editor  in  the  MM-mode,  while 
either  the  COMMON- variables  or  the  method  of  recording  the  variables  described 
above  are  used  for  parameter  transfer. 

The  ordinary  and  fast  interrupt  system  used  in  the  configuration  of  the  YeS- 
1010  permits  inquiries  coming  from  the  external  devices  of  the  computer  to  be 
processed  independently  of  each  other  in  the  order  of  their  priority.  The 
following  levels  of  interrupts  and  inquiries  for  processing  can  be  distinguish¬ 
ed  in  the  existing  complex  on  the  basis  of  the  Zenit-2  photometric  automaton: 
inquiry  to  read  the  optical  density  from  the  scanning  device  of  the  automaton 
(it  is  processed  by  using  the  fast  interrupt  system)*; 


The  remaining  inquiries,  numbered  in  the  order  of  the  decrease  of  priority, 
are  processed  by  using  the  ordinary  interrupt  system. 
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the  inquiry  to  end  "zone*1  scanning  processing  (it  comes  into  the  com¬ 
puter  after  bypass  in  the  interpolation  mode  of  the  rectangle  with  numbering 
of  the  optical  density  at  each  internal  point  of  the  rectangle)  is  completed; 

the  inquiry  to  stop  further  operation  with  regard  to  breakdown  of  the 
CAMAC  equipment  (there  is  no  "X"  response  signal); 

the  inquiry  for  analysis  of  coordinates  (with  respect  to  X  and  Y)  of 
the  movable  carriage  of  the  board  (it  comes  in  upon  passage  through  the 
-vicinity  of  the  point  of  destination); 

malfunction  of  automatic  frequency  tuning  or  of  the  amplitude  character¬ 
istic  for  both  coordinates; 

control  interrupt  in  the  UMSO  system; 

data  interrupt  in  the  UMSO  system. 

The  two  interrupt  levels  allocated  for  working  with  the  UMSO  are  serviced  in 
the  standard  manner  for  the  YeS-1010  with  the  exception  that  any  standard  ex¬ 
ternal  device  is  serviced  by  the  same  interrupt  level.  Analysis  and  process¬ 
ing  of  the  incoming  inquiries  are  formulated  in  the  form  of  a  standard  program 
(the  UMSO  handler),  which  is  connected  to  the  remaining  handlers  of  the  system 
during  generation  of  the  monitor.  All  the  handlers  are  resident  programs, 
i.e.,  they  are  always  in  the  computer  memory.  Access  to  the  UMSO  handler 
from  the  program  is  gained  by  filling  the  control  unit  in  the  standard  manner, 
where  the  type  of  order  and  the  nature  of  its  execution  are  entered.  The  pro¬ 
gram  to  be  executed  can  operate  both  in  the  MM-  and  in  the  SM-mode. 

Interrupts  from  the  Zenit-2  control  CAMAC  equipment  and  of  its  vicinity 
(CAMAC-display ,  color  monitor  and  gray- tone  monitor)  are  serviced  by  a  non¬ 
standard  method  for  the  YeS-1010  computer.  This  is  caused  mainly  by  the  lim¬ 
itation  of  the  main  computer  memory  and  by  the  use  of  the  overline  structure 
of  program  execution  when  different  interrupt  levels  and  the  related  baseline 
program  modules  can  be  located  in  parallel  branches.  If  some  functional  link 
does  not  participate  in  a  given  program,  then  the  corresponding  service  mod¬ 
ule  will  not  be  located  in  the  main  memory,  freeing  it  for  other  purposes. 

The  operation  of  the  baseline  program  modules  that  control  the  corresponding 
units  of  the  automatic  equipment  (filling  of  the  contacts  of  interrupt  levels, 
interrupt  deactivation  words  corresponding  to  the  monitor  tables  and  so  on) 
is  initiated  by  the  call  of  the  initiating  sections  from  higher  level  modules 
or  from  the  user  programs. 

If  a  single  baseline  module,  operating  with  rapid  interrupts,  for  example,  is 
used  in  a  program  having  no  overline  structure,  its  initiating  section  is 
called  once  at  the  beginning  of  the  program.  If  the  program  structure  is  over¬ 
line  and  for  some  reasons  we  do  not  want  to  place  the  initiating  section  in 
the  trunk  of  the  program,  then  it  must  be  arranged  at  the  beginning  of  each 
branch  that  uses  the  remaining  sections  of  the  given  baseline  module.  If  two 
(or  more)  different  baseline  modules  operating  with  rapid  interrupt,  for  ex¬ 
ample,  are  used  in  the  program,  then  the  initiating  section  must  be  placed 
each  time  when  access  to  sections  of  the  other  baseline  module  is  changed. 
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Readout  of  optical  density.  The  baseline  program  module  for  gathering  digital 
data  from  the  IZENIT  photograph,  which  supports  the  functioning  of  the  scan¬ 
ning  device,  permits  the  following  operations  to  be  performed:  to  set  the 
beam  at  a  given  point  of  the  scanning  domain  and  to  measure  the  (mean)  opti¬ 
cal  density  in  it,  to  assemble  the  density  values  on  some  fragment  of  the 
scanning  domain  in  the  buffer  of  the  main  memory  for  further  processing,  to 
determine  the  mean  density  on  the  entire  fragment  or  in  one  direction,  to 
transfer  the  density  histogram  from  the  fragment  to  the  buffer  to  determine 
the  upper  and  lower  bounds,  dispersion  and  so  on. 

The  CAMAC  monitor  and  half-tone  displays.  The  half-tone  data  display  device 
based  on  an  analog  CAMAC  monitor  with  television  screen  measuring  256  X  256 
points  is  available  in  the  Zenit-2  specialized  external  devices  for  operation¬ 
al  inspection  of  a  section  of  the  scanning  field.  The  monitor  can  operate 
only  in  parallel  to  the  scanning  device,  which  is  assigned  the  zone  scanning 
mode.  Low-level  program  modules  that  service  the  CAMAC  monitor  using  a  mov¬ 
able  carriage  (see  below)  provide  dynamic  inspection  of  the  photographs  and 
also  determination  of  the  coordinates  of  objects  on  the  photograph. 

The  displays  have  self-contained  memory  [2]  that  permits  storage  of  data 
about  the  television  frame,  consisting  of  384  X  265  N-digit  words.  For  the 
gray-tone  display  N  =  8  and  for  the  color  display  N  =  9.  Interpretation  of 
optical  density  on  the  gray-tone  display  is  zero  for  the  light  section  of  the 
photograph  and  255  for  the  dark  section.  Interpretation  is  similar  to  a 
black-white  image:  zero  for  the  light  section  of  the  corresponding  color  and 
255  for  the  dark  section,  in  the  case  of  synthesis  of  a  color  image  for  each 
of  the  three  primary  colors  (R — red,  G — green  and  B — blue).  Technical  color¬ 
ing  (i.e.,  imparting  the  given  optical  density  of  some  color  shade)  by  using 
one  of  four  specially  selected  color  ranges  (wedges)  is  employed  to  improve 
the  image  contrast  when  using  a  color  monitor.  There  is  a  capability  during 
operation  of  the  program  in  the  dialogue  mode  to  change  the  wedge  arbitrarily. 
The  main  disadvantage  is  the  absence  of  the  capability  of  reading  the  contents 
of  the  memory — in  necessary  cases  it  is  supplemented  by  program:  data  is  also 
recorded  in  the  working  file  for  subsequent  readout  while  being  recorded  in 
the  memory. 

Direct  access  to  the  image.  Direct  access  to  the  arbitrary  section  of  the 
image  to  be  processed  for  a  wide  range  of  digital  image  processing  problems, 
guaranteed  by  the  Zenit-2  automaton,  offers  significant  advantages  over  se¬ 
quential  readout  of  the  image  prior  to  the  beginning  of  processing  (for  ex¬ 
ample,  in  level-line,  formation-boundary  tracking  and  other  problems). 

The  baseline  program  module  for  shifting  the  scanning  domain,  besides  assembly, 
setting  and  reading  of  absolute  coordinates,  essentially  processes  one  algo¬ 
rithm  for  transition  from  a  current  point  (XO,  YO)  to  a  given  point  (XI,  Yl) . 

To  do  this,  the  difference  (XI  -  XO,  Yl  -  YO) ,  which  the  electric  motor  con¬ 
trol  modules  begin  to  process,  thus  moving  the  carriage  to  point  (XI,  Yl) ,  is 
loaded  into  the  corresponding  registers.  There  are  two  methods  of  ending  the 
processing  of  the  shift.  There  is  no  single-valued  message  from  the  CAMAC 
module  that  the  "error”  (XI  -  XO,  Yl  -  YO)  has  been  processed;  therefore,  after 
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the  carriage  is  in  some  vicinity  of  the  point  (XI,  Yl) ,  a  time  delay  is  in¬ 
stituted  by  program  (the  first  method)  and  the  true  location  of  the  carriage 
is  then  checked  and  if  the  difference  is  not  greater  than  the  permissible 
difference,  the  transition  is  assumed  to  be  completed  (otherwise  the  delay  is 
repeated).  The  second  method  includes  calculation  of  the  number  of  character 
shifts  of  the  increment  register  to  a  given  value  by  both  coordinates. 

Conclusions.  The  baseline  program  module  system  (systems  software)  is  a  com¬ 
patible  and  easily  expandable  system  that  does  not  duplicate  writing  of  pro¬ 
grams  similar  in  the  final  result;  it  is  accessible  to  the  user  programmer 
who  realizes  his  own  algorithm  in  a  high-level  language  (FORTRAN-4  or  PLR-10) . 
The  modules  are  written  in  Assembler  language  and  are  optimized  either  by  the 
volume  of  main  memory  occupied  or  by  speed;  they  guarantee  convenience  of  oper¬ 
ation  with  external  devices  in  the  dialogue  mode.  The  user  programmer  is 
freed  of  the  need  to  become  thoroughly  familiar  with  the  CAMAC  equipment  and 
the  control  instructions,  monitoring  and  correction  of  the  automaton  and  its 
environment,  since  it  can  utilize  program  modules  that  realize  specific  input- 
output  functions  and  preliminary  data  processing  at  the  call  level  with  param¬ 
eters,  with  recording  of  variables  or  through  common  (COMMON)  variables. 
Dialogue  and  fully  automated  image  processing  systems  have  been  and  are  being 
developed  on  the  basis  of  these  modules  that  utilize  all  the  capabilities  of 
the  photometric  automaton,  its  environment  and  the  YeS-1010  disk  operating 
system.  The  capability  of  using  the  overline  structure  of  the  programs  to  be 
executed,  which  employ  the  described  low-  and  medium-level  modules,  permits 
one  to  reduce  to  a  known  degree  the  effect  of  limiting  the  main  memory. 
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[Text]  The  considered  system  was  developed  and  is  being  operated  at  the  IAiE 
SO  AN  SSSR  [Institute  of  Automation  and  Electrometry,  Siberian  Department, 

USSR  Academy  of  Sciences]  since  1978.  The  system  includes  a  program  pack  that 
provides  the  following  capabilities:  input  of  printed-circuit  topology  from 
drawings  prepared  by  the  designer,  editing  of  the  printed-circuit  card  topol¬ 
ogy,  automatic  configuration,  arrangement  and  routing  of  printed-circuit 
cards,  issue  of  designer  documentation  and  control  data  for  machine  tools 
with  ChPU  [Numerical  program  control] . 

Printed-circuit  card  topology  input  program.  The  program  permits  computer 
entry  of  printed-circuit  card  topology  from  designer  drawings  made  in  arbi¬ 
trary  scale  by  using  some  encoder. 

During  work,  the  operator  has  the  capability  of  selecting  the  grid  spacing 
(with  discreteness  of  0.025  mm),  the  tools  for  conductors  and  contact  surfaces 
and  to  determine  the  set  of  masks  which  will  be  used  to  draw  the  given  printed- 
circuit  card  and  the  layer  in  which  the  components  will  be  located. 

There  is  the  capability  of  determining  the  groups  and  macroses  to  facilitate 
the  work  of  the  operator  and  to  reduce  the  probabity  of  making  mechanical 
errors. 

The  group  is  the  filled  sequence  of  actions  by  the  operator  to  enter  or  cor¬ 
rect  the  topology  of  the  printed-circuit  card.  Recursion  is  possible  in  de¬ 
termination  of  a  group,  i.e,,  determination  of  one  group  may  include  the  call 
of  other  groups  and  macroses. 

The  macros  is  a  rectangular  fragment  of  the  printed-circuit  card  topology, 
assigned  by  indicating  the  opposite  vertices  of  the  fragment  on  already  intro¬ 
duced  topology. 

Macroses  and  groups  can  be  retained  for  subsequent  use  in  other  operations. 
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When  the  macros  or  group  is  called,  the  coordinates  and  orientation  of  the 
elements  of  topology  are  corrected  as  a  function  of  the  point  of  call  and  the 
given  angle  of  rotation  of  the  macros  or  group. 

To  correct  possible  errors,  the  operator  has  at  his  disposal  means  of  editing 
the  entered  topology  of  the  printed-circuit  card.  The  operator  has  the  capa¬ 
bility  of  recognizing  which  components  are  located  at  a  given  point  and  then 
of  removing,  replacing  or  changing  their  configuration.  Information  about 
the  components  is  sent  to  an  alphanumeric  display  and  includes  data  on  the 
type  of  component  (conductor  or  contact  surface),  its  coordinates,  the  number 
of  the  mask  by  which  it  is  drawn  and  the  layer  in  which  the  given  component 
is  located. 

The  correctness  of  the  operator's  work  (use  of  legal  masks  for  conductors, 
the  inclination  of  conductors,  the  sufficient  size  of  gaps  and,  if  desired, 
a  check  of  the  conformity  of  the  topology  to  the  schematic  diagram)  is 
checked  during  entry;  in  the  latter  case,  a  description  of  the  schematic 
diagram  must  be  available. 

The  result  of  operation  of  the  topology  input  program  is  the  printed-circuit 
card  topology  description  file.  The  file  contains  data  sufficient  to  generate 
control  programs  of  machine  tools  with  ChPU.  The  format  of  the  given  file  is 
common  for  the  entire  system. 

Printed-circuit  card  topology  editing  program.  The  program  permits  one  to 
edit  the  existing  topology  of  a  printed-circuit  card  and  also  to  introduce 
new  components.  Since  the  operator  is  concerned  with  graphical  entities  dur¬ 
ing  editing,  the  use  of  graphic  displays  for  these  purposes  is  more  natural 
and  feasible.  Since  graphic  displays  guarantee  complete  and  descriptive  draw¬ 
ing  of  the  printed-circuit  card  topology,  the  operator's  actions  in  correcting 
it  are  simple  and  natural.  Therefore,  the  probability  of  making  mechanical 
errors  is  reduced  and  the  operator's  work  in  correction  of  the  topology  is 
considerably  accelerated  [1]. 

There  are  two  main  editing  modes:  directive  and  screen. 

In  the  directive  mode,  the  operator  has  the  capability  of  implementing  editing 
actions  over  the  entire  card  as  a  whole:  of  determining  macroses  and  of  man¬ 
ipulating  them,  of  controlling  the  editor  operating  mode,  including  selection 
of  the  grid  spacing  (with  discreteness  of  0.025  mm),  of  controlling  the  set 
of  masks  for  a  given  card  (which  corresponds  to  the  photoplotter  slide) ,  of 
establishing  the  scale  and  position  of  the  window  and  the  number  and  order  of 
visualization  of  the  printed-circuit  card  layers  and  of  shifting  and  selecting 
layers.  In  this  mode  the  editing  process  is  controlled  by  directives  while 
the  necessary  actions  are  determined  by  the  corresponding  selection  of 
parameters. 

The  main  work  in  editing  the  topology  of  a  printed-circuit  card  is  carried 
out  in  the  screen  mode.  In  this  case  a  fragment  of  the  card  is  lighted  up  on 
the  display  screen.  The  operator  has  the  capability  of  viewing  the  entire 
card  by  moving  the  window  and  by  indicating  and  determining  the  individual 
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elements  by  means  of  a  cursor  for  subseauent  editing  actions  (removal,  re¬ 
placement  and  changing  of  the  configuration  and  addition  of  components, 
determination  of  components  and  the  use  of  macroses) .  There  is  the  capa¬ 
bility  of  changing  the  visualization  parameters  (number  of  layers  shown  on 
the  screen  and  the  order  and  priority  of  imaging  the  layers). 

The  operator  can  obtain  information  on  the  determined  components  (the  type 
of  component,  the  number  of  the  mask  which  depicts  it,  the  layer  in  which  the 
given  component  is  located  and  its  coordinates) . 

In  the  screen  mode,  the  editing  process  takes  place  by  using  a  joy  stick  that 
controls  the  position  of  the  cursor  and  by  pressing  the  functional  keys.  All 
editing  operations  are  ref lected  immediately  on  the  display  screen. 

Semantic  verification  can  be  included  if  needed;  this  results  in  verification 
of  each  action  of  the  operator  in  correction  of  the  topology  to  conformity  of 
the  schematic  diagram. 

Inclusion  of  semantic  verification  increases  somewhat  the  response  time  of  the 
programs,  but  considerably  increases  reliability. 

The  use  of  a  virtual  memory  permits  one  to  edit  large  and  compact  multilayer 
cards  (measuring  up  to  800  X  800  mm  and  the  number  of  components  is  essentially 
unlimited) . 

Introduction  of  additional  sorted  fields  containing  partial  data  on  the  com¬ 
ponents  and  data  on  the  affiliation  of  the  components  to  specific  clusters  con¬ 
siderably  reduces  the  response  time  of  the  system,  especially  with  semantic 
verification  included. 

The  program  has  a  modular  structure  and  permits  simple  adaptation  to  different 
types  of  displays. 

Automatic  routing  program.  The  program  includes  an  automatic  configuration, 
partial  arrangement  of  the  components  and  routing  of  connections  for  large 
multilayer  printed-circuit  cards  (measuring  up  to  800  X  800  mm) .  The  program 
input  data  is  a  description  of  the  schematic  diagram,  library  of  modules  and 
structures. 

The  schematic  diagram  descriptor  file  contains  data  on  the  coordinates  and 
overall  dimensions  of  the  routing  field,  on  the  libraries  of  modules  used  for 
a  given  card  and  on  the  structure  and  also  a  description  of  the  interconnec¬ 
tions  in  terms  of  signals. 

Each  module  is  described  locally;  the  affiliation  of  the  lead  of  the  mddule 
to  one  of  the  clusters  identified  by  the  name  of  the  signal  (for  example, 
"Ground,"  "Power,"  "Dump"  and  so  on)  is  determined.  The  coordinates  of  the 
module,  its  orientation,  the  distribution  of  the  clusters  by  layers  and  the 
priorities  that  determine  the  sequence  of  routing  the  clusters  may  be  included 
in  this  description.  The  modules  are  identified  by  their  own  name. 
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The  modules  are  arranged  and  the  leads  are  configured  and  designated  automat¬ 
ically  for  undefined  clusters  during  routing.  Clusters  having  higher  priority 
are  routed  first;  priority  is  assigned  in  the  description  of  the  schematic 
diagram  or,  if  it  is  not  indicated  in  the  description,  it  is  calculated  dy¬ 
namically.  Clusters  for  which  the  layer  in  which  they  should  be  routed  is 
not  indicated  in  the  description  are  distributed  automatically  by  layers. 

Prior  to  beginning  of  routing,  syntactical  and  partial  semantic  verification 
of  the  description  of  the  schematic  diagram  is  carried  out.  The  conformity 
of  the  topology  to  the  description  of  the  schematic  diagram,  adherence  to  the 
load  capability  of  the  modules  and  the  presence  of  illegal  connections  and 
"hanging"  signals  are  verified. 

The  library  of  modules  contains  a  description  of  the  configuration  of  modules 
of  the  lead,  logic  circuit,  graphic  display  on  schematic  diagram  and  assembly 
drawing  type,  load  characteristics  and  the  presence  and  distribution  of 
standard  signals  ("Ground"  and  "Power")  by  leads.  The  library  of  modules  can 
easily  be  supplemented  and  corrected. 

The  structure  is  the  printed-circuit  card  topology  descriptor  file  and  it  can 
also  be  empty.  The  structure  initially  contains  the  standard  framework  of  the 
card  (the  configuration  of  the  plugs  and  the  lead  to  them,  the  technological 
components  and  the  identifying  legends)  as  a  rule. 

During  routing,  the  program  continuously  issues  data  on  the  connections  to  be 
routed  at  a  given  moment.  The  built-in  editing  devices  permit  one  to  control 
the  routing  process:  to  authorize  or  forbid  issue  of  a  routing  protocol,  to 
determine  the  direction  of  the  input  flows,  to  stop  routing,  to  correct  the 
resulting  topology  and  description  of  the  schematic  diagram  and  then  to  con¬ 
tinue  routing. 

The  nucleus  of  the  routing  program  is  the  modified  Lee  algorithm  [2,  3],  since 
it  usually  guarantees  the  most  complete  routing  of  the  printed-circuit  card 
compared  to  other  known  algorithms  (channel,  main  line,  topographic  and  beam). 
At  the  same  time  it  is  rather  easily  modified  to  take  into  account  some  tech¬ 
nological  restrictions  and  to  increase  the  quality  of  the  topology  (orthogon¬ 
ality  for  two-layer  printed-circuit  cards,  uniform  distribution  of  conductors, 
optimization  of  paths  by  a  number  of  parameters  and  so  on) . 

All  modifications  mainly  reduce  to  selection  of  the  wave  propagation  law. 

The  nature  of  distribution  of  the  wave  front  is  determined  by  being  given  the 
delays  of  front  propagation  in  different  directions  as  a  function  of  certain 
conditions,  being  given  preferred  directions  of  wave  propagation,  by  the 
boundaries  of  the  domain  of  its  propagation  and  "by  expulsion"  of  the  wave 
from  some  domains. 

The  Lee  algorithm  was  considerably  modified  for  the  phase  of  plotting  the 
path  (reaching  the  wave  target  only  indicates  that  the  path  exists,  but  does 
not  determine  it  clearly) . 
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Unlike  the  methods  known  to  us,  the  path  is  plotted  in  two  phases:  the  path 
is  initially  plotted  in  the  stack  and  the  finished  path  is  then  laid  out  from 
the  stack  to  a  discrete  working  field  (DRP) .  This  approach  permits  one  to 
select  the  final  path  from  a  number  of  versions  and  to  optimize  the  path  ac¬ 
cording  to  certain  parameters  (the  number  of  bends,  the  number  of  junction 
holes  occupied  by  DRP  segments,  the  density  of  conductors  and  so  on). 

Both  the  wave  propagation  law  and  the  principles  of  selecting  the  path  from  a 
set  of  variants  are  determined  by  the  decision  table,  which  permits  one  to 
easily  change  the  algorithm,  adapting  it  to  different  levels  or  technological 
restrictions. 

The  discrete  working  field,  the  table  of  clusters,  the  ring  buffer  for  wave 
propagation,  the  stack  for  plotting  the  path  and  also  auxiliary  information 
are  located  in  the  virtual  memory,  which  removes  essentially  all  restrictions 
on  the  size  of  the  card,  its  density  and  the  number  of  components. 

The  program  "cache11  above  the  DRP  on  the  alternative  segment  is  organized  to 
accelerate  operation  of  the  program  and  this  makes  it  possible  to  reduce  most 
accesses  to  the  DRP  to  the  main  memory. 

Storage  of  sufficient  auxiliary  information  about  the  schematic  diagram,  re¬ 
maining  from  the  syntactical  and  semantic  verification  phase,  permits  a  diag¬ 
nosis  to  be  made  during  routing  in  terms  of  the  schematic  diagram. 

During  routing,  the  components  are  configured  by  modules  on  the  basis  of  the 
information  contained  in  the  library  of  modules  about  the  logic  circuit  and 
partial  arrangement  of  equivalent  modules  at  the  permutation  level. 

Unlike  the  generally  accepted  opinion  about  the  slow  operation  of  the  wave 
algorithm  [41,  our  results  indicate  the  opposite:  with  accurate  realization, 
the  wave  algorithm  is  rather  fast  (for  example,  a  card  measuring  150  X  180  mm, 
containing  approximately  70  modules,  on  the  order  of  200  clusters  and  more 
than  1,000  connections  is  routed  in  approximately  15-20  minutes  of  processor 
time).  The  completeness  and  quality  of  routing  are  rather  good:  the  per¬ 
centage  of  routing  comprises  no  less  than  90-95  for  two-layer  cards  if  the 
work  is  not  conducted  in  the  interactive  mode. 

Output  processors.  These  programs  issue  designer  documentation  (schematic 
diagram,  module  layout  diagram,  assembly  drawing,  drawing  of  topology  and  so 
on)  to  the  graph  plotters.  The  documentation  is  issued  according  to  the  re¬ 
quirements  of  YeSKD  [not  further  identified]. 

When  control  information  is  issued  for  machine  tools  with  ChPU,  the  descrip¬ 
tion  of  the  printed-circuit  card  topology  is  converted  to  the  format  of  machine 
tools  with  simultaneous  optimization  of  the  trajectory  of  motion  of  the  actuat¬ 
ing  members  of  machine  tools.  The  control  information  can  be  received  in  the 
form  of  papertapes  or  magnetic  tapes  or  can  be  transmitted  to  the  machine  tool 
control  processor  through  the  communications  channel. 

The  system  is  realized  on  the  NORD-10  minicomputer. 
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APPLICATIONS 


DIALOG  WITH  COMPUTER  CONTINUES 

Minsk  SOVETSKAYA  BELORUSSIYA  in  Russian  28  Jul  82  p  4 

[Interview  with  Aleksandr  Fedorovich  Chernyavskiy] 

[Excerpts]  Several  years  ago  we  carried  in  our  newspaper 
an  interview  with  professor  A.F.  Chernyavskiy,  director  of 
the  Scientific  Research  Institute  of  Applied  Physics  Problems 
at  the  Belorussian  State  University  imeni  V.I.  Lenin,  on  the 
subject  of  the  development  at  the  Belorussian  State  University 
of  the  "EVOS-BGU"  experimental  computer  teaching  system — one 
of  the  country’s  first  data-based  automated  teaching  systems. 

Considering  the  social  and  national  economic  significane  of 
the  problem,  the  editorial  office  has  again  addressed  the 
subject  of  the  computerization  of  higher  education,  the  more 
so  since  in  recent  years  new  information  has  been  gained  in 
this  field  of  which  a  knowledge  is  useful  not  only  for  the 
specialists  but  also  for  the  general  public. 

At  this  time  EVOS,  a  medal  winner  at  the  USSR  Exhibition  of  National  Economic 
Achievements,  continues  to  serve  the  university,  even  though  its  console  has 
already  been  allocated  a  place  in  the  university  museum.  The  automated  class — 
the  computer  hall — organized  on  the  basis  of  the  system  as  long  ago  as  1975 
and  which  has  now  performed  for  more  tan  6,000  hours,  is  still  successfully 
functioning. 

In  1977  a  new  teaching  system  was  developed,  but  this  one  was  not  as  unique 
as  its  predecessor  and  was  designed  to  be  copied,  coupled  to  a  computer  and 
training  television  receiver,  and  oriented  on  multifunctional  use  in  educational 
establishments.  The  new  system  is  called  ATOS-BGU  (automated  television  teaching 
system  of  the  Belorussian  State  University) .  An  automated  class — the  computer 
hall — has  been  organized  on  the  base  of  ATOS.  Another  three  of  these  systems 
have  been  built  and  are  now  in  the  startup  and  debugging  stages.  As  already 
mentioned,  the  USSR  Ministry  of  Higher  and  Secondary  Specialized  Education 
has  planned  for  this  system  to  go  into  series  production  in  1984  to  supply 
the  leading  VUZ’s. 
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[Question]  Aleksandr  Fedorovich,  could  you  describe  the  new  autmated  television 
teaching  system  in  more  detail? 

[Answer]  Of  course.  ATOS  is  made  up  of  15  display  consoles  for  the  students 
and  a  teacher's  console.  Each  console  is  a  display  unit  consisting  of  a 
keyboard  and  a  Yunost'-402  television  set.  The  group  devices  are  coupled 
by  a  centralized  control  display  for  the  class  and  by  the  hookups  with  the 
computer.  A  person  who  knows  the  series-produced  display  units  will  be  struck 
by  the  compactness  of  the  ATGS  displays,  the  expanded  set  of  keyboard  keys, 
and  the  use  of  television  receivers  for  display. 

The  essence  of  the  compact  display  in  the  ATOS  system  is  hidden  behind  these 
fine  external  appearances.  The  compactness  is  achieved  by  centralizing  a 
substantial  part  of  the  equipment  into  group  devices,  which  has  reduced  the 
cost  of  each  working  station  by  a  factor  of  2  to  3  compared  with  the  series- 
produced  displays.  The  expanded  set  of  keyboard  keys  indicates  additional 
functions  for  the  displays  that  are  so  essential  for  studies  in  different 
disciplines.  ATOS  has  the  following  functions:  recording  indexes  for 
mathematical  expressions  and  chemical  formulas,  producing  graphics  information, 
data  contrast  separation  (negative  and  positive) ,  fast  setting  of  multiple 
symbols  expressions  and  a  number  of  other  facilties.  Use  of  the  television 
receivers  reflects  the  most  important  feature  of  ATOS — integration  of  the 
automated  teaching  system  and  training  television. 

Recognition  of  the  new  system  has  been  convincingly  seen  in  medals  of  the 
USSR  Exhibition  of  National  Economic  Achievements,  diplomas  of  the  Belorussian 
SRR  Exhibition  of  National  Economic  Schievements,  and  participation  in  national 
exhibitions  of  the  USSR  and  Great  Britain  (1978)  and  international  fairs  in 
Leipzig  (1981)  and  Plovdiv  (1981). 

Taking  into  account  that  the  requirement  for  a  major  VUZ  is  about  100  display 
units,  the  expected  savings  from  the  introduction  of  each  VUZ  ATOS  system 
will  be  hundreds  of  thousands  of  rubles. 
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METHOD  OF  ORGANIZING  INTERACTIVE  MODE  FOR  CONDUCTING  AUTOMATED  LABORATORY 
GENERAL  PHYSICS  EXPERIMENT 

Novosibirsk  AVTOMETRIYA  in  Russian  No  4,  Jul-Aug  82  (manuscript  received 
27  Aug  81)  pp  7-13 

[Article  by  A.  N.  Vystavkin,  Yu.  V.  Obukhov  and  V.  V.  Romanovtsev,  Moscow] 

[Text]  Introduction.  Development  and  investigation  of  interactive  systems  is 
one  of  the  most  important  directions  of  development  of  work  in  the  field  of 
automation  of  scientific  research.  Definite  success  has  been  achieved  in  de¬ 
velopment  of  interactive  control  [1],  design  [2],  data  processing  [3]  and  auto¬ 
mated  programming  [4]  systems.  Systems  for  automation  of  most  general  physics 
experiments,  however,  have  a  number  of  differences.  We  note  two  of  the  most 
important  here  in  our  view.  The  first  includes  the  need  to  rather  frequently 
change  the  layout  of  the  experiment  and  the  functional  structure  of  the  in¬ 
stallation,  which  results  in  changing  the  automation  hardware-software;  the 
second  is  the  need  to  automate  as  large  a  number  of  diverse  experiments  con¬ 
ducted  in  a  laboratory  or  institute  on  the  basis  of  the  same  hardware-software. 
Problems  of  development  of  standardized  hardware-software  to  sufficient  degree 
for  conducting  experiments  in  the  interactive  mode  become  primary  in  this  re¬ 
gard  in  laboratory  systems. 

The  structure  and  composition  of  hardware  and  software  that  realizes  the  in¬ 
teractive  mode  of  operation  of  a  laboratory  system  for  automation  of  general 
physics  experiments  are  described  in  this  paper.  We  determined  this  structure 
in  the  first  phase,  basing  it  on  the  experience  of  developing  a  laboratory 
system  for  automation  of  diverse  experiments  in  the  field  of  physical  electron¬ 
ics  contained  in  the  collective-use  measuring  computer  system  (IVSKP)  of  the 
Institute  of  Radio  Engineering  and  Electronics,  USSR  Academy  of  Sciences.  The 
IVSKP  is  based  on  a  network  of  Nord-10/S  minicomputers  and  the  CAMAC  sequential 
main  line. 

Structure  of  the  hardware- software.  The  functional  composition  of  laboratory 
systems  for  automation  of  experiments  has  been  rather  widely  illuminated  in  the 
literature  (see,  for  example,  [5,  6]).  Laboratory  systems  usually  include 
equipment  control  subsystems  of  the  experimental  installation  and  data  gather¬ 
ing,  processing,  display  and  storage  subsystems.  The  most  important  from  the 
viewpoint  of  organizing  the  interactive  mode  of  conducting  experiments  are  data 
control,  gathering  and  display  subsystems.  Our  task  was  to  develop  the 
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hardware-software  of  these  subsystems  which  would  be  independent  to  a  signif¬ 
icant  degree  of  the  type  of  experiment  and  which  would  permit  us  to  realize 
the  interactive  mode.  We  feel  that  the  experimenter  should  have  the  capabil¬ 
ity  of  selecting  different  devices  (from  those  available  in  the  system)  in 
this  mode  to  control  the  experiment  and  to  measure  physical  values,  to  assign 
the  operating  modes  of  these  devices  at  his  own  discretion,  to  select  differ¬ 
ent  devices  for  graphical  display  of  data  both  during  the  measurements  and 
after  them,  to  assign  the  function  and  type  of  graph  to  display  it  and  to 
conduct  the  experiment,  i.e.,  to  decide  which  operations  should  be  performed 
(for  example,  to  calibrate  the  devices,  to  make  measurements,  to  process  data 
and  display  it  on  the  selected  device,  to  enter  data  into  the  archives  and  so 
on)  . 

In  this  part,  let  us  first  describe  the  selected  configuration  and  composition 
of  the  hardware  of  the  laboratory  automation  system  and  then  let  us  select  the 
structure  of  the  developed  software  of  the  control,  gathering  and  display  sub¬ 
systems  and  let  us  finally  present  a  typical  block  diagram  for  the  user  program, 
based  on  the  described  systems  support  and  that  realizes  the  interactive  oper¬ 
ating  mode. 

(1)  • 
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[Key  continued  from  preceding  page] : 


1. 

Measuring  computer  center 

9. 

2. 

Central  computer  network 

10. 

3. 

Alphanumeric  printer 

4. 

Nord-10/S  control  minicomputer 

11. 

5. 

Systems  graph  plotter 

12. 

6. 

Disk  unit 

13. 

7. 

CAMAC  sequential  main  line 

14. 

8. 

Laboratory 

15. 

CAMAC  laboratory  crate 
Interface  for  communicating  with 
HP-1B  main  line 
Analog  modules 
Digital  registers 
Graph  video  terminal 
Experimental  equipment 
Laboratory  graph  plotter 


Hardware.  A  block  diagram  of  the  hardware  for  the  automation  system  is  pre¬ 
sented  in  Figure  1.  The  Nord-10/S  control  minicomputer  communicates  with  the 
experimental  installation  by  using  the  CAMAC  sequential  main  line.  The  CAMAC 
communications  interface  was  selected  for  several  reasons,  the  main  one  of 
which  is  the  capability  of  using  a  wide  range  of  serial  modules.  The  baseline 
set  of  devices  and  modules  includes  a  40-channel  relay  multiplexer  for  switch¬ 
ing  of  analog  signals,  a  systems  multimeter,  an  analog-digital  converter  with 
regulated  amplification  factor,  a  multichannel  digital- analog  converter,  mod¬ 
ules  for  communicating  with  interfaces  in  other  standards — HP-1B  and  TTU,  out¬ 
put  and  input  registers  for  control  of  relays,  digital  circuits  and  devices 
with  nonstandard  interfaces,  a  graph  plotter  and  a  graph  video  terminal. 

The  user  communicates  with  a  computer  by  using  a  Tectronix-4025  graph  video 
terminal.  The  region  of  the  terminal  screen  can  be  dynamically  divided  into 
a  working  zone,  which  is  used  for  real-time  graphical  display  of  data,  and  a 
monitor  zone  for  independent  alphanumeric  dialogue  with  the  computer.  Opera¬ 
tions  can  be  conducted  on  any  computer  included  in  the  IVSKP  network,  specif¬ 
ically  a  computer  of  more  powerful  configuration  designed  to  make  theoretical 
calculations  and  for  modelling,  by. using  the  system  for  intercomputer  communi¬ 
cations  with  this  terminal.  Moreover,  one  can  retrieve  data  to  IVSKP  periph¬ 
eral  devices  (for  example,  one  can  plot  high-quality  graphs  on  the  systems 
graph  plotter).  Figuratively  speaking,  the  laboratory  terminal  is  the  "window" 
to  the  IVSKP. 

Software.  The  software  for  interactive  conducting  of  an  experiment,  the  block 
diagram  of  which  is  shown  in  Figure  2,  is  based  on  two  subsystems — a  real-time 
data  display  subsystem  and  a  hierarchical  library  of  control  subroutines  for 
CAMAC  devices  and  modules. 

Data  display  subsystem.  The  standard  display  software  consists  of  graph  display 
instructions  and  the  library  of  Plot-10  graph  subroutines.  Graph  pack  subrou¬ 
tines  are  usually  inserted  into  the  user 1 s  applied  program  for  graphical  data 
display  and  some  packs  [7]  include  user-oriented  graph  formulation  subroutines 
(plotting  and  numbering  of  axes,  imprinting  legends  and  so  on).  The  main  dis¬ 
advantage  of  this  approach  is  the  need  to  modify  the  user  program  each  time 
when  graph  formulation  must  be  changed- — the  type  of  axes,  the  content  and  lo¬ 
cation  of  legends  and  so  on.  We  organized  the  graph  subsystem  so  that  the  user 
assigns  all  the  service  information  about  the  graph  (the  graph  parameters  file) 
before  operation  of  the  applied  program  using  the  dialogue  graph  plotting  and 
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Figure  2. 


Key: 

1.  Experiment  running  program 

2.  Library  of  data  control  and  gathering  subroutines 

3.  Set  of  reserve  programs  of  graph  device,  for  graph  formulation  and 
for  plotting  of  data 

4.  Functional-oriented  level  (connect  the  model,  measure  voltage,  current 
and  temperature,  assign  current,  magnetic  field,  SHF  signal  and  so  on) 

5.  Plot-10  graph  pack 

6.  Graph  parameter  file 

7.  Device  control  level  (initiate  multimeter,  SHF  voltmeter,  current  as¬ 
signment  system  and  relay  multiplexer,  assign  device  operating  modes, 
carry  out  calibration  and  so  on) 

8.  Graph  device  drivers 


[Key  continued  on  following  page] 
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[Key  continued  from  preceding  page] : 

9.  File  system  of  operating  system 

J-?*  ?!^°§UejSyStem  for  assi§nment  and  editing  of  graph  parameters 

11.  CAMAC  module  control  level  (control  of  HP-lB  main  line,  commun¬ 
ications  interface,  digital  and  analog  modules  and  so  on) 

12.  Monitor  calls  of  operating  system  for  control  of  CAMAC  main  line 

editing  system.  This  file  is  not  dependent  on  the  type  of  graph  device  and 
is  stored  on  magnetic  disks.  The  special  graph  formulation  subroutine,  which 
contains  the  name  of  the  graph  parameters  file  and  the  number  of  the  graph 
device  as  formal  variables,  should  only  be  called  from  the  applied  program. 

It  is  natural  that  there  is  access  to  the  parameters  file  from  the  applied 
program.  This  structure  of  the  display  subsystem  permits  easy  changing  of 
the  type  and  form  of  graphs,  selection  of  the  necessary  graph  device  and  also 
frees  the  user  program  of  drudge  work  in  graph  formulation  and  frees  the  user 
himself  of  the  need  to  study  tens  of  graph  subroutines.  Moreover,  the  graph 
form  of  interaction  of  the  investigator  and  experiment  is  realized  by  linking 
the  graph  parameters  to  the  physical  parameters  of  the  experiment  and  the  me¬ 
thod  of  organization  of  this  interaction  is  standardized  to  a  significant  de¬ 
gree,  i.e. ,  it  is  not  dependent  on  the  type  of  graph  and  experiment. 

Device  control  subsystem.  The  Sintran-IIT/VS  disk  operating  system  of  the 
Nord  10/S  control  minicomputer  has  several  monitor  calls  to  control  the  CAMAC 
main  line,  which  can  be  used  to  execute  CAMAC  transmissions,  to  start  programs 
by  LAM  signals,  to  analyze  the  state  of  the  crate  controller  status  register 
and  so  on.  However,  to  increase  the  flexibility  of  the  user  control  programs, 
they  can  be  constructed  on  the  basis  of  a  multilevel  subroutine  pack  that 
realizes  different  experimental  functions.  This  approach  permits  one  to  de¬ 
velop  a  basic  library  of  hardware-software  modules  for  experiment  automation 
at  different  laboratories  of  the  institute. 

We  developed  a  set  of  subroutines  for  devices  and  CAMAC  modules  that  are  con¬ 
tained  in  the  described  system  (see  Figure  2).  Functional-oriented  subroutines 
that  realize  different  typical  experimenter  actions  (switching  on  the  measuring 
current,  measuring  voltage  and  so  on)  are  included  at  the  upper  level  of  the 
hierarchy.  These  actions  are  realized  by  one  or  several  physical  instruments 
and  devices  which  are  usually  controlled  by  several  CAMAC  modules.  The  func¬ 
tional-oriented  subroutines  are  based  on  instrument-oriented  subroutines  for 
control  of  the  systems  multimeter  and  SHF  voltmeter,  measuring  current  and  mag¬ 
netic  field  assignment  systems,  for  control  of  SHF  devices  and  other  functional 
systems  of  the  experiment.  These  program  modules  utilize  CAMAC  module  and  HP- 
1B  main  line  control  subroutines.  Monitor  calls  for  control  of  the  CAMAC  main 
line  of  the  operating  system  are  used  at  the  lowest  level  of  the  hierarchy.  The 

pack  is  written  in  FORTRAN-77 ,  which  permits  easy  changing  of  the  subroutine 
if  necessary. 

Typical  block  diagram  of  program  for  interactive  conducting  of  experiments. 

The  typical  block  diagram  of  the  experiment-servicing  program  is  presented  in 
Figure  3.  A  menu  of  subsystems  for  introduction  of  some  experimental  and 


-  51  - 


technological  parameters,  initialization  of  the  system,  making  measurements 
and  analysis  of  data  is  presented  to  the  user  at  the  beginning  of  operation  of 
the  program. 

The  data  input  subsystem.  This  subsystem  is  intended  first  to  enter  service 
information  about  the  object  to  be  investigated  (technological  parameters  for 
preparation  of  specimens,  number  of  the  specimen,  data  of  conducting  the  exper 
iment  and  so  on)  into  the  archive  and  second  for  input  of  some  values  of  exper 
iment  parameters  (the  maximum  permissible  values  of  parameters  for  the  given 
specimens,  the  number  of  specimens  and  their  conformity  to  relay  multiplexer 
channels  and  so  on) .  The  initial  values  are  assigned  "by  omission"  of  exper¬ 
imental  parameters. 


The  subsystem  for  initialization  of  instruments  and  for  making  calibration 
measurements.  This  subsystem  is  designed  to  check  the  readiness  of  the  in¬ 
struments  and  CAMAC  modules,  to  calibrate  the  instruments  and  special  control 
devices  and  to  make  calibration  measurements  to  determine  the  normalizing 
coefficients. 


(i) 

SKCnepuMeHtnamop 

A 


1 


TpacpuvecKuu  (2) 
eudeomepMUHau 


(3) 

MHUnua/Tuaanun 
npuGopoe  u 
npoeedeHue 
KanuSpoeo^Hbix 

u3MepeHuu  _L 


V(4) 

npoeedenue 

u3MepeHuu 


4(5)  V'< 


(5) 
Pa6omo 

C  dOHHblMU 

nocne  u3Mepenuu 


(6) 

Beod 

dOHHbtX 

e  apxue 


V 

SadaHue 

KOHCpuaypau,uu 

SKCnepUMeHtna 


(8)  V 

Beod  epaHuu, 
ofinacmu  daHHbix, 
e  Komopou  cne  - 
dyem  eHOGbnpo - 
eecmu  u3MepeHUfi 


C  Sop 

daHHbix 

.(9) 


(11) 


V 

&aun  nopoMempoe 
oKcnepuMeHma  u 
Ka/Judpoeo^Hbix  — 
K03cpcpuu,ueHmoe 


(12)  V 

cpausi  daHHbix- 


„  <10>  I 

nocmpoeHue .  J 
OKcnepuMeHmanb  - 
Hbtx  u  meopemuneo 
kux  3aeucuM0cmeu 

A 


(13) 
<Pau/ib! 
napQMempoe 
epacpuKoe 


Figure  3. 

Key: 

1 .  Experimenter 

2.  Graph  video  terminal 

3.  Initialization  of  instruments  and  making  calibration  measurements 

4.  Making  measurements 

5.  Working  with  data  after  measurements 

6.  Entry  of  data  into  archive 

7.  Assignment  of  experiment  configuration 

[Key  continued  on  following  page] 
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[Key  continued  from  preceding  page]: 

8,  Input  of  boundaries  of  data  region  in  which  measurements  should 
again  be  made 

9.  Data  gathering 

10.  Plotting  of  experimental  and  experimental  functions 

11.  Experiment  parameters  and  calibration  coefficients  file 

12.  Data  file 

13.  Graph  parameters  files 

When  working  with  this  subsystem,  the  experimenter  adjusts  the  equipment,  se¬ 
lects  the  optimum  parameters  and  signals  in  the  manual  mode  (for  example,  he 
selects  in  manual  mode  the  appropriate  amplitude  of  the  probe  signal  with 
analog  measurement  of  derivatives  of  volt-ampere  characteristics  and  makes 
calibration  measurements  in  the  automatic  mode  on  an  ohmic  resistor  to  deter¬ 
mine  the  normalizing  coefficients). 

Subsystem  for  making  measurements.  This  subsystem  permits  the  experimenter  to 
assign  the  experiment  configuration  in  the  control  mode  by  using  directives, 
i.e.,  to  select  the  measurement  devices  (for  example,  voltage  can  be  measured 
with  a  systems  multimeter  or  an  analog-digital  converter,  which  has  greater 
measurement  speed  but  worse  resolution) ;  it  permits  him  to  select  devices  for 
real-time  data  display  (graph  plotter,  graph  video  terminal  or  recording 
oscillograph  controlled  by  the  CAMAC  module),  to  issue  instructions  for  the 
beginning  of  measurements  or  to  interrupt  measurements,  to  assign  a  new  region 
of  physical  variables  in  which  measurements  should  again  be  made  with  plotting 
of  data  on  a  newly  formulated  graph  after  making  measurements  and  display  of 
data  in  graph  form  (we  call  this  the  graph  form  of  investigator-automated 
experiment  interaction) . 

As  an  example,  let  us  describe  one  of  the  phases  of  the  experimenter’s  work 
when  investigating  weakly-bound  superconductors.  Copies  of  the  screen  images, 
manufactured  on  a  graph  plotter,  of  the  graph  video  terminal,  produced  during 
measurements  of  the  volt-ampere  characteristics  of  Josephson  junctions,  are 
presented  in  Figure  4.  After  measuring  one  of  the  curves  (the  dashed  curve), 
the  experimenter  issues  instructions  to  switch  on  the  SHF  field  and  to  repeat 
the  measurements.  The  steps  of  current  appeared  on  the  volt-ampere  character¬ 
istics  of  the  irradiated  junction  (the  solid  curve) .  The  epxerimenter  can 
issue  the  instruction  WINDOW  and  can  assign  the  boundaries  of  the  "window"  of 
the  parameters,  after  which  the  characteristic  is  measured  in  the  new  range 
of  parameters  (the  curve  on  the  inset). 

Subsystem  for  working  with  data  after  measurements.  In  this  subsystem  the 
user  can  plot  the  graphs  of  different  cross-sections  of  the  range  of  experi¬ 
mental  data  and  can  compare  them  to  theoretical  functions.  In  this  case,  by 
assigning  different  combinations  of  possible  mechanisms  and  by  plotting  the 
theoretical  functions  on  the  same  graph  with  experimental  data,  he  can  compare 
the  contribution  of  these  mechanisms  in  the  different  zones  of  experimental 
parameters. 
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Key: 

1.  Millivolts 

Let  us  present  an  example  of  working  with  data  of  investigations  of  the  super¬ 
conduct  or-normal  metal  point  contact  [8].  The  experimental  dependence  of  the 
normalized  differential  conductance  at  zero  voltage  on  the  normalized  tempera¬ 
ture  is  shown  by  the  points  in  Figure  5,  The  top  solid  curve  corresponds  to 
the  theoretical  behavior  of  conductance  of  the  short-circuited  contact  while 
the  bottom  curve  corresponds  to  contact  with  the  insulator  layer.  The  conduc¬ 
tance  of  a  real-contact  can  be  determined  by  some  combination  of  these  mechan¬ 
isms.  Being  given  different  values  of  their  ratio  and  by  comparing  the  plotted 
function  to  experimental  data  (the  dashed  curves),  the  experimenter  ascertains 
the  absence  of  other  mechanisms  and  determines  the  quality  of  the  specimen.  He 
can  then  issue  instructions  to  plot  the  selected  function  on  the  graph  plotter 
for  an  article  or  report. 
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After  completion  of  work  in  the  subsystem,  the  experimenter  can  indicate  which 
data  should  be  entered  in  the  archives. 

Conclusions.  Based  on  the  described  systems  hardware- software  and  on  the 
principles  of  organizing  experiment  conducting  programs,  systems  were  developed 
for  automation  of  various  types  of  experiments  in  the  field  of  SHF  cryoelec¬ 
tronics  that  permit  one  to  make  measurements  of  the  volt-ampere  characteristics 
in  the  interactive  mode  of  many  (up  to  40)  specimens  at  different  temperatures, 
magnetic  fields  and  levels  of  SHF  output. 

As  an  example  let  us  indicate  experiments  to  determine  the  properties  of 
superconducting  arm  tunnel  junctions  and  to  investigate  superconductor-normal 
metal  point  contacts  and  noise  in  Josephson  point  contacts.  The  volt-ampere 
characteristics  of  the  junctions  (and  there  may  be  more  than  10  on  the  same 
substrate  in  the  case  of  the  arm  version)  must  be  measured  in  different  ranges 
of  current  and  voltages,  in  different  magnetic  fields,  at  different  tempera¬ 
tures  and  different  levels  of  SHF  effects  to  determine  the  characteristics  of 
the  specimens.  If  one  takes  into  account  that  the  time  constant  of  measurements 
at  the  same  point  can  be  large  (on  the  order  of  tenths  of  a  second)  due  to  the 
low  signal  level,  then  conducting  all  the  measurements  requires  much  more  time 
than  that  during  which  liquid  helium  boils  in  a  Dewar  flask.  In  the  interactive 
mode,  the  experimenter,  having  determined  roughly  the  main  characteristics  of 
the  specimens  by  measuring  them  in  the  scanning  mode  with  sufficient  resolution, 
can  select  the  most  interesting  specimens  and  ranges  of  parameters  and  can  make 
detailed  measurements  for  them. 

We  note  in  conclusion  that  the  described  principles  and  devices  are  also  used 
in  other  laboratories  of  the  institute  serviced  by  the  IVSKP,  since  the  same 
graphical  display  hardware-software  and  many  of  the  described  CAMAC  modules 
are  used  in  them  (and  the  system  can  be  expanded  if  other  CAMAC  modules  are 
used)  . 
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[Excerpts]  Multiterminal  systems  based  on. the  Elektronika-60  microcomputer  and 
the  SM-4  minicomputer,  developed  at  the  Novosibirsk  Electrical  Engineering 
Institute  and  oriented  toward  use  in  the  training  process  in  a  technical  vuz, 
are  considered  in  the  article. 

A  block  diagram  of  the  system  based  on  a  microcomputer  is  presented  in  Figure  1. 
Besides  the  Elektronika-60  processor,  it  includes  a  main  memory  (OZU)  of  28  K 
16-digit  words,  an  SM-5603  external  floppy  disk  memory  (UVPGMD) ,  eight  VTA-2000 
video  terminals,  a  DZM-180  sequential  alphanumeric  printer  (ATsPU)  (replacement 
by  the  similar  DARO— 1156  device  is  possible) ,  an  FS— 1501  papertape  input  device 
and  a  timer  required  for  operating  in  the  time-sharing  mode. 

The  interface  sequential  printing  microcomputer  integration  units  (BSPP)  and 
the  floppy  disk  unit  (BSNGMD)  are  based  on  the  design  of  TEZ 
cards  of  the  Elektronika-60  microcomputer  and  are  printed-circuit  cards  mea¬ 
suring  252  X  148  X  12  mm  located  directly  in  the  common  bus  (OSh)  unit.  The 
group  integration  unit  (BSG)  that  permits  connection  of  seven  alphanumeric  video 
terminals  to  the  computer  channel  is  made  in  the  form  of  a  structurally  self- 
contained  unit  which  is  connected  to  the  common  bus  by  an  adapter  cable.  It 
is  a  chassis  with  RPPM16-278  plugs  and  five  printed-circuit  cards  inserted  in 
it:  the  control  device  card  connected  by  the  adapter  cable  to  the  Elektronika- 

60  microcomputer  and  four  cards  for  communications  of  the  assemblies  with  the 
video  terminal  (two  communications  assemblies  each  are  located  on  each  card) . 

The  Elektronika-60,  the  SM-5603  floppy  disk  external  memory  device,  the  FS-1501 
photoelectric  papertape  input  device,  the  VS-5-10A  and  the  VS-27-6  power  supply 
units  rated  at  5  and  27  V,  the  BSPP,  BSNGMD  and  BSG  interface  units  and  the 
main  memory  unit  rated  at  32K  are  located  in  a  standard  ASVT-M  [modular  computer 
equipment  system,  version  M]  bay.  An  external  view  of  the  system  is  shown  in 
Figure  2. 
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The  operating  system  that  supports  the  multiterminal  operation  of  the  computer 
system  is  the  RAFOS  real-time  disk  operating  system  [3].  The  multiprogram 
dialogue  system  based  on  BASIC  language  operates  under  control  of  the  RAFOS. 

The  BASIC  used  in  this  system  has  some  characteristics  absent  in  the  standard 
version  of  BASIC.  These  characteristics  include: 

apparatus  for  working  with  files,  which  permit  organization  of  program 
and  data  files  in  external  memories; 

virtual  data  files; 

the  presence  of  integer  and  text  constants  and  variables,  besides  real 
integers; 

segment  and  overline  organization  of  programs; 

the  capability  of  calculations  both  with  simple  and  with  double  accuracy. 

The  simplicity  of  BASIC  language  and  also  the  dialogue  mode  of  operation  of  the 
multiterminal  system  makes  it  very  convenient  for  teaching  programming  to  stu¬ 
dents,  for  conducting  exercises  in  a  number  of  disciplines  and  for  performing 
course  and  diploma  work. 

The  developed  system  passed  experimental  operation  for  a  semester  and  was 
turned  over  to  the  chair  of  information  measuring  equipment. 

The  system  based  on  the  SM-4  minicomputer  is  designed  for  use  mainly  in  senior 
courses.  A  block  diagram  of  the  system  (the  minimum  complex)  is  presented  in 
Figure  3.  It  includes  a  central  processor  (TsP) ,  a  main  memory  of  128  K  words, 
an  IZOT-1370  disk  unit  (NMD) ,  a  mosaic  printer  (UMP),  from  8  to  16  VTA-2000 
video  terminals  (VT)  and  an  interface  expander  (RIF)  required  to  connect  addi¬ 
tional  terminals. 

The  RSX-11M/V3.1  operating  system  is  used  to  support  multiterminal  operation. 
Its  main  function  is  to  guarantee  control  of  the  shared  resources  of  the  sys¬ 
tem  and  to  distribute  these  resources  among  problems  prepared  by  users. 
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